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KHPUIU (dpancada poxropn (PhD) auccepTanHacH aHHOTAIIHSCH)

duccepranug MaB3yCHHMHr goa3aptumra Ba 3apyparH. JKaxonna
aATeHHa-Quaep KypmAManapuHM HOUIA6 YMKWE Ba aManuérra Kymamaa
YNapHUHr YNuamnapuHu  KuupaiTupuii, ysaram  Macodacunn  cezunapnu
Mapakaja OIMPWIN XamZa GeArwnaHran ysidamnapaa WyHanwm gHarpaMMacHHAA
Ha30paT KUNMLIra KaTTa 35Tubop KapatwiMokaa. Ywby fiyHanumpa, xxymianau,
aRTeHHa-(rRep Ky pWiIMallapHHART CaMapaJiopTHTARH OIAPHINAA,
MeTaMaTepuailap, KOMNO3HT MaTepHAUIap Ba HAHOMAaTepHA/UIAp acocuaa
aHTeHHa  MOJE/apHHH  HWULIa0  YAKHI, MaBXkyR  aHTEHRANapHHWHT
napaMeTpilapyHi  AXIMWIA XAMAA HAaHOAHTEHHANapHM APATHIUra aloXuaa
9pTHOOp KapaTHiMoKaa. By Gopana pwBoXUtaHTaH MamylakaTiapAa, XKyMITaJiaH,
AKl, Byiox Bpurauus, Xutoii, ®panuus, Snonns, Xuuaucron, XKauy6uii
Kopes Ba Poccus ®emepammacuia TYPITH XHA KOMTOSHIHOH MaTcpHalnapAaH
doiipanaun® auTeHHa KypWIManapH CaMapanOP/MCHHM OLIMPHI  MYXHM
Basndanapaan 6upyu xucobnaHMokaa.

Xaxonna paguoanoka TH3HMIAPHHH TaKOMMWUIAWITHPMIY, >KyMJana,
aHTeHHa-Quaep KypHWIMAIapHHWHT HYHaNHII AWarpaMMaliapuiR  GomKapwm,
ynuamnapHHM KWYpaBTHPHII Ba Y3aTHI Maco()laCHHH OINMPHINra KapaTWIrad
Kartop WIMHI TaKWKOT HiiapH onub GoprwiMokaa.Ymoly coxana, :Kymnaia,
anTenHa-pUAEp KypWIManapu CamapaZOp/IMTHHH OLIMPHIN YYYH AHTH TypAaru
MaTepHAJUIADHH  W3Talll, HAHOKOMIMO3WT MaTepHAUIAPHW HaHOAHTEHHanapaa
KyA1allHMHE Ha3apuii aCOCNAapHHH APaTHUl, aMaNUiil eYUMNApHHA MIA0 YuKuIn,
MeTaMaTepHayTap Ba IONKA KaTam/ii TUIERKANap acoCHAA Matd aATeHHATapHH
TAKOMHJLNAWITHPHLI, XAKMHUHM KU4PAHTUPUIL YCyJIlapH Ba MOAENApUHY uiunab
THKWIITa ajloxuja I5THOOp KapaThiMokaa. llly 6anan Gwpra Meramareprannap
acocuna aHTeHHa-puAEp Kypunmanapy MUUIAIL CaMApafiOPIMTHHH  OWMPHII
yCynnapH Ba MOACINAPHHH HILIA0 THKAI Rom3apd XpcoGnanMoKaa.

Pecny6nuxamMu3za panuoanoka Ba ax60poT TEXHONOTHANAPH COXACHHH SHANA
TaKOMH/TAIITHPAINTA, MOGHNT aNoKa TH3INMMAPHHWAT KaMpoB  XyIyAWHH
OLIHPHUIra, MABLAYMOT Y33THII TEIIHCH BA CHGATUHH TALMHUHNAIN THIHMIIADHHH
Wmnab 4MRWITA  KapaTWITaH KeHT KaMpoBNM  Wopa-TanGHpnap —amaira
ommpwimokaa. 2017-2021 fiunnapna V3abexucron PecnyGnuxacuin sHana
puBOXJIaHTHpAI O¥itvaa Xapakatnap cTpaTerascuna, KYMAIANaH «... HKTUCOOKET,
WKTHMOMIl  cOXa, GomKapye  TH3MMHra  ax6OpOT-KOMMYHHKALMSA
TEXHONOTHANIAPHHY  JKOPHH  3THII, ..MOGWNE aNoka ONEPaTOPNApHHWHT
TApMOKJ/IADH KAaMPOBH XyAYTAaPUHM xeuraii'mpum» Ba3zuganapu Genrunanran.
Maskyp sasnganapiv amManra oImHPHIL, KyMNaaH,CHMCH3 aJloKa TH3HMJTapRARHT
KaMpOB  XyAYAMHM  KCHTafiTUpHmAZ  auTeHHa-QUIEp KypWIManapHHHHT
3MEKTPOMArHUT TYNKWHIAPHHW Y3aTHID KOOWHATHHW OWMPHII YCyJUlapn Ba
MORE/UIAPHHM  SPaTHI,  MaBXyl  aHTCHHa-GMAEp  KypWIMalapHHUHT

! YGexncron PecnyGmvmack  Tlpesngermwmnr 2017 #an 7 ¢eapanmarn NMd-4947-con  «Vs6exreron
Pecny6auxacuun axana pusoxnaymapiun Gyituua Xapaxarnap crpavernsci Trpicuas m Qapronn
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caMapaJIop/IHTHHH OWHPHII Y4yH MeTamaTepHaulap Ba HaHOKOMMO3HWT/IapHH
HIUI26 YHKHI MYXHM BasHdanapian 6upu xucobnaHaiu.

Yzﬁemgmu Pecry6nukacu [MpespaenTnunur 2017 iinn 7 despanparn I10-
4947-con “Y3bexucron PecnyGmukacPHW AWaga PHBONIAHTHPHI Gyfnda
Xapakatnap crpareruscn TyrpacHna”ru dbapmonu, 2019 Hwr 22 malinaru K-
4329-con “Y3beknHcTon PecrnyGnmkacH axofH IMyHKTJIapHAa TEJICKOMMYHRWKALHA
HH}PATY3UNIMACHHH JKAJan PHBOIIAHTHPMIL Yopa-Tanbupnapu TyFpucuna’ry
Kapopnapn xaMaa masxyp (aonuAaTra Ternnuid HOPMATHB-XYKYKHH XyioKaTiapaa
Genrmmanran BasudanapHy amanra OWWpHIIAa ymby AWCCEpTalld TaOKWKOTH
MyailsH Japaxafa Xu3MaT KAJIaau.

TAXKHKOTHHHT pecny6nnka ¢aH Ba TeXHOJOTHIAPH PHBOAIAHHIIN-
HMEF YCTYBOpP HyHaNHMILIApHra MOGIAFH. Ma3skyp TalKUKOT pecnybiuxa dan
Ba TEXHONOTHANAP PUBOXUIaHMWMHMHT [V «AxGoporTnawrupuu Ba axGopor-
KOMMYHHKAUMA TEXHONOTHANADHHH pPHBOMUIAHTHPHIY YCTYROp HYHaIHIIHK
ZownpacHza 6axapunran.

MyaMMOHHAAT YPranIrafiIHK JapaskacH. AHTCHHa-QUIep KypHIManapn
CaMapapop/MIHHM OLUMPHIL YCYNNapu Ba MOAEIapH, METaMarepHalapHH
APATHIIHHHT Ha3apHii Ba aManHii acociapy, 100Ka IUIEHKATH Ba HAHOKOMIIO3UT
MaTepHANIAPHUHT XYyCyCHATNApH XaMAa YAapHHHI PaJHOAIOKa cCoXacuza
Kynanwvmm 6§iuia KeAT KAMPOBITH TafKHKOTap o6 Gopuimokaa. Bywnai
ycyanap Ba MOAEUIApHM ApaTHINra HyHa/THpWIrad macananap Springer, IEEE
Xplore, eLibrary, Web of Science, Elsevier HampHETIapUHAHT MaBJTyMOTIap
Gazacura xmpuTwiran, acocad IEEE Xplore, Scopus Ba Web of Science
py#ixaTHaarn WIMWIA KypHa/UTapia OXHPrH Amanapaa 4on STHATAH MaKonanap
YpranwTan.

MeraMaTtepraiapHH  ApaTHII, YJIApHAHRT ¥3ura XoC XYCyCHSTIIapHHH
ypraumu Ba Typjid coXanapra TanOHK KHNMIL MyaMMOJapHra xXaxonna Kynna6
ONMMNAapRWAT Wuulaph Garwmnanran. YmOy TaaKHKOT HyHammmwra
BI.Becenaro, J.B.Pendry, D.R.Smith,HN.Enghetta, R.W.Ziolkowski,
A H.JTarapsxos, B.Cmocaps, A.K. Capsrues, A Jl. Cenesnes, C.Caloz, X. Zhang,
ILA. Benos, B.M. Ilanaes, 10.C.Kupwap, A.TIpanosckuii, E.ATI'asbummnna,
AHIOpacos Ba 6owka TaRWKIM XOPWKWA ONWMNADHHHT WIMWA WIjapy
Oarpunanrad. Lllynumuraek, OGenrmnamran MyamMMOHM  TaAKMK — Kuinin
Macananapwra pecriy6nukamus onmwiapn XK. Apanos, A.M. A6aynnacs, AA.
A6nyasuzos, A.M. Hasapos, T.I'. Paxumos, [I.H. JInkoHueB, B.A. I'y6enko,A Il
[Ilaxo6HAAHAOB Ba GOMKANAPHWHT WIMHIT MINapH OaFHIINaHraH.

Onu6 GopuraH Tax/IWl HATIWKANAPH LIYHH KYPCATAMKA,IONKA IUIEHKANH Ba
HaHOKOMHO3NT MarepHaniap EpAaMHa KHYMK XaXMIn MeTamaTepHaiiapHi
ApaTHll, METAMaTEpUAIap acoCMia  aHTeHHa-GuAcp  KYPWIMAIApHHHHE
camMapaJIOp/IMTHHA OWIMPAII YCY/UlapH Ba MOJC/UIApHHH HWmniab YnKMIm Xamaa
amManuéTra kopuii 3THIL Macananapy eTapiy Aapaxana ypranuwimaras.

JlaccepTranug TaAKMKOTHHHHI' AHCcepTaimg Gazapniaran onnii TabJIHM
MyacCACACHHHAT WIMAN-TAAKAKOT HIIJIapH pexanapH 6mnan GOFTHKIHTH.
Jnccepraumns TaakukoTH MyXxamman an-Xopasmuli HOMHIArA TowkeHT axbopor
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TEXHONOTHANAPH YHHBEPCHTETH FWIMAH TaAKWKOT WIOUIapy pexacHHWAr HWP-
2019-6 “OneXTPOMAarHUT HYpJIAHMIN SHEPrHACHAAH CHMCH3 AATYHKIAPHH 3JIEKTP
KyBBAaTNaHuIN TH3UMMHM unu1ab unkumn” (2019-2020), NebB-A3-027 “Mycrakun
JHEpPTHsi MaRGaTM GMHOHUHT 3/TeKTp TABMHAOTHHH GOIKApHAII TH3AMHHH HULIA0
YUKW Ba xopwui 3T (2017-2018) nofnxanapw nowpachia GaxapHnras.

TagKUKOTHHHT MaKcagu anTeHRa-bHaep KypAIMaTapHHAHT
caMapagop/iMriHil HaHOKOMIIO3WT Ba MeTaMaTepHaiapia KysaTthnapurad dmspk
XOHCa XaM/a JKapaéWIapHH KyUiam OpKaIH omupUInaaH ubopar.

TaaxkuxoTHHHT Bazudanapu:

paIHOTEXHHWKA COXACHJAarH yCKyHa Ba KypHIManap/ia MIJIaTAMaHTaH fonka
MieHKanap, KOMNO3MLMOH MAaTepHaiap Xamaa MeTaMarTepHannapnard (GusHk
XoOUCaNapHH TaX/IH/1 KWIKLI,

anTeHHa-hHNEp TEXHHKACH B3 HAHOMEKTPOHHMKA COXACHAA KYJNaHWIanmMraH
HAHOKOMTTIO3HTIapAary $HU3NK Xoaucanap XaMaa skapaéiiapHH TadKHR KAJIAT;

KEHT' 9acToTa AWaNasoHHNa aHTeHHa-(Guaep KypANMallapA XapaKTepHCTHRA
Ba NapaMCTP/IAPWAH AXIWANAI XyCYCHATHTa 3ra OYsiraH HKKM Mapra mandwnit
napamerpni (£(w)<0, p(w)<0) mMeramarepyanHUHr MaTEMaTHK MOAENHMHHA Mnab
YHKHII,

anrenna-dhugep KYPWIManapaHuHr Hinam caMapaziopNuruiu
MeTaMaTepua/Ulap acOCHAA OMIMPHIN YCY/THHH HIUIA0 IHKAmD;

KEHr 4acTOTa AMana3’oHHAa MeTaMarepya/UlapHH KHAMPULL YCyNHHH Munab
quKHTI.

TagxukoTauHr ofbexTH cudaTnaa HAHOKOMIIO3UT Ba MeTaMaTepuUaUiap
acocHIa MIUIall CaMapajiOpiMTH OIDMPWITaH aHTeHHa-QHAEp KypHAManapu
ONMHraH.

TagKUKOTHHAT  NPeAMETHHH  aHTeHHa-QWAep  KypWIMATAPWHWHT
¢du3uKaBHii-TeXHNK NapaMeTPnapHHy  YpraHMl Xamaa CcamapagopMrHHH
HAHOKOMITO3HT Ba METAMATEPHAIIAP ACOCH/AA OMIHPHIN XKapatAW TAIIKHI 3TalH.

TagkukoTuuur  ycyanapn.  TankukoT — XapaéHmpa — MaTeMaTuk
MOJICJUTAIITHPHII, JMEKTP 3AHKHPNAPHVHT TaKCAMNAHTaH TapaMeTplIapaHe
xucobnaiy, MMMTAUHOH MOJACIUIAWITHPHIN BA OYMK TH3MMIIGPHMHC ONEPALMOH
ycynnapHaaHn golizanasunran.

TagAKOTHHNT AAMBA# AHrHAHM Ky unarunapaad nbopar:

auTeHHa-QUAE) KYPWIMaNapHHAHT NapaMeTp Ba XapaKTEPHCTHKAIApPHHA
TaKOMWLIAWITHPYBYM TAKCMMIIAHraH NIAPAMETPNAH METaMaTepUaHHHI MaTeMaTHK
MOJAENH HINNab THKWITaH;

anoka JIHHWACH 3NEMEMTNApM acoCHMAA TAKCUMJIaHraH MNAapaMeTpiu
MCTaMaTepHATHAAT HabMYHaNapy SpaTHITaH;

anTeHHa-(UAep Ky pHiIMaNapHHHHT MUUIALN CAMAPaAOP/IMIHHH TAKCUMIIaHTaH
TIapaMeTpIIV MeTamaTepHaln EpAaMP/ia OLIMPHI YCYJTH HULIA0 IHKANTaN;

pagMo Ba ONTHK 4acTOTa JHANa3OHNapHAa MUUIOBYHM TAKCHMIIAHTAH
NapaMeTpIiv MeTaMaTepHAITapHH KHANPHI YCYITH HILNA0 THKWITaH.

TagKHKOTHHHI amanuii HATIKANAPH Kyliunarunapaan uéopar:



3KBaTOpHan Kepp apdexTn acocHaa MeTaJUI-IqNIEKTPHK
HAHOKOMIIO3HTJIAPHHHT MAarHUTOONTHK CHCKTPJIapH XOCWI KH/IMHIaH Ba aManuii
TaAAKHK 3THIIIaH;

aATeHAa-QHZep KypHWIManapH WIUIAIl CaMapajiopIMTHHH  OIHPHINAA
KYNNaRWnagWTal MeTaMaTephan TnapaMeTplapWHH XwcoOnmam yuyH pactypwit
BOCHTACH BIUTA0 YHKMITAH;

Typnu YN4aMnu METaMaTepual HAaMyHANapH ApaTWiran Ba yjap acocuna
aHTeHHa-pHUAEp KypWIMATAPHHUHT CAMapafiop/MTH OMIHPHITaH.

TamKAKOT HATHAAUTADHAWAT WIIOHWIH/IATH HasapHii Ba amanuil
HaTHWXKaNapHHHT GHp GHpHTa MOCITHTH, TH3HMJTH TaXJTHJI BOCHTAIapH, MaTeMaTHK
CTaTMCTHKA Ba UIEKTPOMArHHT HYpPNAaHMIl HA3apUACH, OJMHIaH HATHXANApHU
YMyMKabysl KWIHMHTaH ME30HIap acocuAa KHEcMH CONMMIUTHpHIN OpKAIu
H30X/1AHraH.

TagKaKOT HATWRAJAPDHHHAT WIMHIA Ba amannii axammarn. TaakugroT
HaTAXKAJTApAHWAT PUTMHY aXaMASTH HaHOKOMTTO3HTTapAWHT XyCYCPATNapHAN KEHT
CNekTpAa YpraAWmTa acoCNaHTaN ycyn, anTeHHa-GHAcp KypwiManapu
XapakTepHCTHKA BAa NApPaMeTPRapHHH AXWWNAll XycycuaTura 3ra  6¥nran
METaMaTCpHATHHHT MaTeMaTHK MOMENH, aHTeHHa-pHACp KypH/IMANapy Huuiam
CaMapanOpJIMrHHH METaMaTepuailap acocuaa OLMPHIN YCYNH, TypiM YacToTa
IMana3oHAAA METaMaTepHAIUIApHH KHAWpHID Y4yH (o¥imananunagaran ycyn
6unan H3oxNaHagy.

TagkWKoT ~ HaTWKaNapHAWMHT  aMaMit  axaMWATH  MeTamarepHan
napaMeTpAapHHM aHUKNAWAA HINATANIAANraH JAcTypuii BOCHUTAHMHT nuNab

YMKWITAHIATH, TYPAW XaKMAArA MeTaMaTcpHaUlapHH SpPaTHITaHHTH Xamzaa
' ynap acoCHAAa KeHr 4acTOTAa AMAanasoHWAA aHTeHHa-PHAEP KyPWIMANApPHUHMHT
SNEKTPOMArHHT TYNKAHNAPHH Y3aTHIl KOOGM/IMATHAWHT OWWPWITAHTHIA Onnau
H30X/1aHATH.

TagKAKOT HATHAAUIADHHHHAT XOpPHIi KWIMHHIDA. MetamarepHannap
acoCHAa aHTeHHa-huIep KypWIMANapHHUHI HULAN CAMAPaAOPIMIMHH OLUHMPHIN
ycynnapu Ba MoJelUiapH 6YitHda ofTHHTaH HaTHXanapHn acoCHAa:

anTeHHa-(GUnEep KypunManapHHHHI NAapaMeTp Ba XaPaKTEpHUCTHKANAPHHN
TaKOMWUIAIITAPYBYH TAKCHMJIAHTaH NapaMeTpP/Ti MeTaMaTePHATHIHT MaTeMaTHK
MOAG/IH XaMJa anoKa JMHUACHMHUHI D3NEMEHTIapH acoCHAa TaKCHMJIaHIaH
mapaMeTpiiapra 3ra  METAMaTepHaJUTAPHMHT  HabMyHamapH  Ax6opor
TEXHONIOTHAIap¥ Ba KOMMYHMKAUMAUIADHHH  PHUBOMKNAHTHPMIN  BAa3upjIMru
Tacappydmmarn kopxowanapna, xycycan “Vibektenekom” AK “YamoGaiin”
¢unmann Camapkann Xynyamii Gornamacuna xopuii sTwiraH  (AxGopor
TEXHOMIOTMAIapH Ba KOMMYHHMKAOWA/MapHAY DPHBONUTAHTHPHIN Ba3WpP/THTHHWHT
2020 imn 17 wonparn 33-8/4096-con MabiiymoTHOMacu). MnMuii TankKMKOT
HaTKacHaa Mo6mn ajoka THamMapuHvAT 1,7-2,1 TT1 9actoTanapia WIIoBYH
6azaBuii cranuuanapu aHTeHHa-Gunep KypwiManapH HuUlal CaMapagop/MrHHu
20-25 % raYa OWHPHIN AIMKOHH APaTHITaH,

paaMo Ba ONTHK YacTOTa [HANa3OHNapUAA MIUJIOBYM TAKCHMIIAHraH
TIapameTpiH MeTamaTepHalUIapRn KHIMpHTIXaM/ia aHTeHHa-gnaep
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KypWIMaNapHHHHT HINall  CaMapafiopSIMTHHH  TaKCHMJIAHTaH  TapaMeTpitH
MeTamaTepuan EpraMuaa omMpum Ycyuiapp AXGOpOT TEXHOJIOTHANApH Ba
KOMMYHHKANHANIAPUHA PHBOXKNAHTHPHIN Ba3HPNHIH Tacappy¢unaru
KopxoHanapsa, xycycan “UMS” MUX Camaprang maxap XH3MaT KypcaTHI
MapKa3Haa Xopwit aTHnTal (AXG0poT TEXHOMNOTHANADH Ba KOMMYHHKalHAJIApAHA
PHBOXJ/IAHTHPHID BasHpAWrMHMHT 2020 #un 17 wongarn  33-8/4096-con
MablyMOTHOMacH). Vinmuii TankukoT HaTwkackuaa Mobun anoka TH3IMMIapUHUHE
1,7-2,1 ITu uacToTasaphna HMIuioBuM GasaBWif cTaHMAWIapHn aHTeHHa-GuAep
KYpHIManapH Wijialr caMapaiopiiarHAn 25 % rada OUTHpHII HMKOHH APaTANTaH;

aHTeHHa-QAAEp KypHIMANAPHHUAT HULTALl CaMapaJOP/IATHHA TAKCHMIIaHTaH
napaMeTpiH MeTaMmaTephan EpAAMHAROLIMPHII XaMIa panuo Ba ONTHK 4acToTa
IHana3’oHIapHAa HOUIOBYM TAKCHMJIAHTAH [APaMETp/IH  MeTaMaTepHAILIapHM
KMAMpHIIyCyinapn Ax6GopoT TexHONorHanapy Ba KOMMYHHKALHANAPHUHU
PHBOXNAHTHPAID Ba3HPNWTH TacappypHaard KopXoRamapaa, XycycaH “Turon
telecom™ caeno 6Genricm ocrtima “Dildora-F” xycychif kopxXoRacHaa xopwif
sTwiraH (AXGOpOT TEXHONOFHANIApA Ba KOMMYHHKAUWANAPHHH PHBOXJIAHTHPHIN
pazupauruuunr 2020 iun 17 mongarn 33-8/4096-con MabitymoTHoMac). Hnmuii
TaAKHKOT HaTHXacHAa TeNepaNUoIIWTTHPA XW3MATIApHHH TAaKOWM 3THIIAA
vwnarunaguran 2,3-2,5 I'Tu vyacrora auanaszonupa auwoBud GT-5527100D
y3aTrEuAARHHT MMDS anTeHRa KypHIManapy HIInat caMapajiopiimrAHH 15-20 %
raya oMMpII HMKOHN APATHIIAH.

TagKuKOT HATHKAJAPAHHNT anpobGamusich. TaAKNKOT HaTHRaNapH
apabuétnap pylixatura kupuTHAraH 6 Ta xankapo Ba 3 Ta pecnyfnuka unmuit-
amannii KoHepeHLHANapHAa MyXoKaMa KITHATaH.

TagxuKOT HATIXANAPHMMBI JYBJIOH KWIHHMAKIMIH. TalkukoT Mas3ycu
6yfivua xamW 18 Ta wimMAW Wmnap, ymapaadH 7 Ta Makona Y36eKHCTOH
Pecny6nnkacn OAK TaBcua 3Tran XypHannapaa, wy XKymnajaad 5 Ta Xopuwxuil, 2
Ta pecrybnMka MAKECHAArH XypHaulapga uWon 3Twirad Ba 1 Ta OXM yuyH
ApaTHIAran AacTypuii BOCUTaHH Kaiid KWIni ryBOXHOMACH OJIHHIaH.

JuccepTaluAHANHT TY3WIHIOH Ba XaxmH. JfccepTauWs HIOM KMpwAm,
TyprTa 606, Xynmoca, doiipananunran apabuérnap pyiixath Ba mnosanapaaH
Hbopar. JInccepTaMaHAAT X2kMA 106 GeTHH Tamxun stagm.

JAHCCEPTAIMAHUHI ACOCHA MAZMYHH

KHpHIn KMCMHJA AMCCEpTAUMA MaB3YCUHMHI A0N3apénurn Ba 3apypatu
acocnad Gepunraw, TagKMKOTHHWAT V3bexncTon PecriyGnmkach ¢an  Ba
TEXHONOrMANAPH  TAPAKKHETMHHHI  ycTyBop  HyHanumnapura  mocnury
KypcaTwiraH, TAGKHKOTHHMHI MaKcay, Ba Basudanapu 6enrunab onHHra, TankuKoT
00BEKTH Ba OPEAMETH aHMKAAMAH, HATHXANAPHUHI HIMOHWIMWIMIKA 2acoc/ab
Geprnran, ynapauHr wasapuit Ba amanuii axaMHATH o4n0 GepWiTaH, TAAKAROT
HaTHXKANApANN amania xophi KWTHI XonaTH, Halllp STHITaH WIIap Ba
AWCCEPTALMAHHHT TY3HIHIH G¥iinua MatTyMoTnap KeNTHPHIITaH.

Huccepraumannnr «Marnero-onrux ac6o6aap Ba Kypuiamanapaa onxa
miénHKanap. MeramaTepHaiiap - aHTeHHA TeXHMKACH Y4yH SHTH CyHbHH
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maTepHannap» Re6 Homnawran GApuRam 6o6m pamwoTexHWka Ba axGopoT
KOMMYHHKAIHA TEXHOJIOTHUIAPH cOXanapuia Tanab karra GynraH 3aMoHaswii
100Ka KAT/IAMIHN, KOMIO3MT MaTepHaniap Ba MeTamarepuaniapaaru Gpuiuk xoauca
Ba KapaGHNapHM TaAKAK KAoWmra OaFpnutanrad.  Byryarm  kyHda
TeNekoOMMYHHMKAINA COXAcHa, MeTaMaTepHaimiap Ne6 HOMITaATaW SHTH CYHbWH
MaTepuallapra, KaTta J5THO0Op KapaTWiMoRZa. Ym0y Marepuamiap HOEG
3NEKTPOH3NK Ba IEKTPOAMHAMMK XyCycHaTnapra sra 6ynu6, ynapuu atreHHa
TeXHHMKACHAA KYJUIall MyMKHEJIUTH KypcaTub ymuiras.

IOnka TEHKaMW, KOMITO3AT Ba MarmeTo-ONTWK MaTepHalap XaMAaa
MeTamaTepHa/UTapiaH PafiOTEXHAKa KypWiMarniapH Ba YCKYHaJlapHHH fpaTHilza
doiigananpmupHr  y3ura Xoc XyCyCHAT/NIApH  KeNTHPWIrad. Vrxasunran
anabuéTnap TAX/IANH, aHTeHHa-hUIEp KyPHIMAJAPHHHHT acocHH MyamMocH Oy
YNapHUHr MMHMATIOPH3AUMACH Ba HHUIAIN CAMApafOPJMrHHH  OLUMPUINZA
3KAHNTHTHHA, 31EKTPOMAarHHT TYIKAH ONTHMAT TAPKQTHILIH yIyH aATeHHa-puaep
KypAnManaprA¥ Amia6 TYHKWmgA Typaw  MaTtepraiapmaH  dofpananuy
camapaiW JKaWHTMHM KYpcaTaw. ANTeHHa Ba aHTCHHA pelieTkatapu
MHHHATIOpU3AUMACHIA alipuMueknoBnap lokopn uactotz (30-300 MI'n) sa
yJETpa 10KopH YacTotanapaa (0,3-3 I'Tu) myammora ca6ab 6Fmmm mymknn. Lily
ca6abnu KMUMK aHTeHHANAPHU ACAWHMHI SHIH KOHLENUMA Ba MEXaHW3IMIApPUHH
Yprannm, MasXy/[ aHTEHHANAPHUHT CaMapaiop/IHTHHHM OWHPHIN YCyJUlapH Ba
MOZAENNapHHK nuab yuKuIn UCTRKOOMNH iyHanni Xucobnanaan.

TaaKukoT JAaBOMHMAA  anTeHHa-QpHAep  KYPWIMATAapWHWAT  HIUIam
CaMapafiOp/IMFUHK METamaTepHailap acocHna OlMpHIIra ajoxuga 3bTuGop
Kapatwiran. Ym6y 6o6za MeTamaTcpHajulapHUHT J3ATa XOC XYyCYCHATIapH
Makceesul TeHrnamacH Epaamupa Tymydtapu6 Gepunran. Meramarepnan
XYCYCHATIapHAWAT Y3WTa XOCAWTH AWSNEKTPHK Ba MAarHWT CHHIAWPYBYAHITHK
NapaMETPUHMHI KUHMAT/IapH Honra €kn Manduil Kniimarra Tenr 6¥nmuunanup,
Gynmait xonmar Tabuwii Marepmannapma Kysarwimadan. Iy 6uman 6mpra,
MeTamaTepuan Ba OOLIKa MyXHT ¥pTacujara yerapara Tywa€rraH 31€KTpOMaruuT
TYNKAANapAWHr KaWTWn Ba loTwiHm Taptubm JILU. Manrnenmram cxemach
€pnamupa Ty WIyHTUPUIraH.

TenekoMMyHWKaUds TEXHONOFHANIaDH Ba afoka TH3WAMIapH  y9yH
Kypunmanap ACAWHHHI aCOCNAPHHH YpraHuiu MAKCafula MarHeTo-onTuK Ba
3neKTpoonTHK 3deKTiap TaX AW KHIHHTaH, XyCycaH 3KBaTOpHal MarHWTIaHHLI
naituga 6¥iinama sa kKyunananr dapazaii sa doxt sddexrnapu 6aradcun Kypub
TARWATAH. MeTamn-AVaNeKTPUR  HAHOKOMTIO3HTiapAa  Jkeatophan  Kepp
sddexrnuuur axamuatu kypué umkunran, Iy Gunan Gupra ywby 6o6aa
HaHO/ICKTPOHWKAAa APaTWIAETTaH SHTH WHTETpa] HaHOONTHKA O HOMJIaHTaH
fijnanuul  XaKMOa, YHHHC AacoCMAA HAHOTCXHONOrHA Ba aHTeHHa-punep
KypWIMaNapH/Ia KyJITaHHIaWraH 3aMOAaBHi TEXHOJIOTHATAp Kyprb THKITAH.

Panuoanokana Xycycad, aHTeHHa-(Guaep KypPHIMANapuHHUHI Yn4amnapHHu
MeTamMaTepHalilap  acocHia  KWupalTHpWIN, SKWH Macopama - CHTHATHH
Ky“aifTHpHIL Ba yNapHUHT A¥HanHI AUarpaMMacutiy Gomkapu Oyiinva aur AHrn
Ba MyXMM HULTap KYpHO THKANTaH.
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HMuccepramusanar «HanokommosHTaapaa SxsaTopan Kepp s¢dexramm
MOQe/UTAIITHPMID Ba yJAap acocHia PagWwOTeXHHKA KypRiManapu
XYCyCHAT/IAPHHM HXIDHIAIN YyCyanapmw» Ne6 Homnanrad HKkunun Gobuna,
(CoFeZr)-A1203 HaHOKOMMNO3HUT/IapHRAT HAQPaKHW3KT Ba ONTHK JHaNa3oH/apAary
MarHAT-OITTHK criekTpapH MOIENNalmTHPHIITaH, ymoy TypAard
HAHOKOMNO3KWT/IApAaH MeTaMaTepHAUIApHK SPaTHINHWHT Ha3apHif  acocnapw
XamAa ynap acocuia pPagMoTeXHHWKa KypuiManapH XyCyCHATIAPHHHM AXINHMnalu
yCyJLNapH KYpHO YHKWIraH.

Vudy 606na (CoFeZr)x-(A1203)100-x HAROKOMTNO3HTNIADAWHT ONTHK Ba SKWH
WHpPaKM3WA AMana3oHMAArH MAarAWT-ONTHK CNEKTPJAapHHH MOAC/UTAIITHPHIN
ypranmnran, cyurpa 6y HaTwkanap OKCOEPUMEHTan HaTwxanap Ounad
COJIMIITHPHIIFaH.

Hwpa camapanu MyXMT Hazapuach Taknud sTanrad, Gynpa Meramn
3appauanap Ba MaTpHOA & [WONIEKTPHK CHHTAWPYBYAHJIMKKA >ra Oynran
camMapaTi  MyxuT cudaTHAa Kapanamw, Oy MyXWTHR yMyMHH xonna
Xapakrepnaiiau. HaHOKOMNO3NTHHHT AKKATAa TypaarH 3appadanapn (CoFeZr -
HAHOKOMNO3UTHMHI MarHut Tapkubuii kucmu, ALO — HaHOKOMNO3HTHMHC
IHINIEKTPHK TapKHOWH KACMA) YUyH, JHIJIEKTPHK CHRTAHPYBYAHIIMK TCH30PHAMHAT
TapkmOuii  kucmnapuun  xucobnawpa  cummerpuk  Makcsenn - IN'apaert
skuHnamwyBsugad (CMI) doiinanarmnran.

MaruuT KOMNOHEHTHHWHI MeEpKONALMA ocTOHacMpaH nact 6Ynrad
KOHUeHTpauusicuaa 3keatopuan Kepp s>ddexrmmunr monens cmexrpnapu 1-
pacMaa  kentupwiraH. bByHna  xucoOnaumap — pasoMmaa  KyHHzaru
NapaMeTpPIApHUHT TypaHya KHHMaTIapy OIMHraH: MarHUT MOAAR KOHLEHTpauus
X, dopm daxrop L BaLs, 3appauanap muamu ro Ba Ry/Ruuk kosddumment.
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1-pacm. Tepmo amioB Gepnamaran (CoFeZr)(A1203)(1 —x) RAHOKOMTIOZHT
(X=13%) yuyn sxBaropuan Kepp r¢dexru (JKI) KuiiMaTn coeKTpaapu.

Ymby pacmpa myHkTHp umsnk (X=13%, La=0,42, L5=0,8, ro=1,5 HMm,
Ro/Reux=2-10°); mrrpex-nyHkTap umsuk(X=13%, Ls=0,38, L5=0,8, ro=1,5 um,



RyRuun=2-10°%); Hyxranap(X=13%, La=0,42, Ls=0,8, ro=1,5 #M, Rs/Reui=2,3-10°)
MaTEMAaTHK MOHENb aCOCHAA YUIYKCH3 YH3HK- SKCIICPHMEHT HATIKACHAA OJIHHTaH
CreKTprnap.

MarHHT KOMNOHEHTHMHI DEPKOAAUMA OCTOHAacHAaH I0KOpH O6¥nran
KoHIleHTpammsAcuna skeatopHan Kepp 3ddexruHunr momem: cnexrpiapu 2-
pacM/ia KeJITHpHITTaH,
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2-pacm. Tepmonmios Gepunran (CoFeZr):(AI1203)(1-x) HAHOKOMIIO3MT
(X=72%) yuyn 3xBaropuan Kepp sddexrn xuiiMaTh cniekTpiaapu.

Y6y pacmpa oyuktap msuk (X=72%, L.=0,795, Ls=0,575, 1¢=1,7 um,
RIRy=9-10%); wrpux-myHkTsp unsuK (X=72%, L4=0,795, Lx=0,578, 10=1,6 Hm,
RJ/Rypp=9-10°MaTeMaTHK  MOLENE  acOCHAA, Yy3nykcn3 umuk (X=72%)
JRCMEPHMEHT HaTHXCH/Ia ONTMHTaH creKTpnap.

MaruuT KOMNOHEHTAaHHHI KOHLIEHTpAlMscH loKopH O¥nranpga knacrepnap
ynuamnapy karranawany, 6y ¥3 Hag6aTuna ro KWAMATHHUHE KaTTananysHra oaub
Kesmand. Vimuamm >ddexrtHn TYMMK MHOGATTa ONMII IKCTIEPHMEHT HATHXacuaa
OJTHATaH MaKJIyMOTAapHy ndoaanamra Epnam 6epany.

OxBaropuan Kepp s¢exTn HaHOKOMIO3UT MaTepramiap CTPYKTYpPacHHH
Oy3maraH XonAa yaapHuHr XyCyCUATNapUHH KEHr CNEKTPAa ¥praHuil NMKOHHHU
6epanu. HaHOKOMRO3HT/IAPHMHI' (APAaMETPJIAPUHA VIHAWIHHHT ymly yCYyjIMHH
HAHO3NICKTPOHMKA BA HAHOAHTEHHA IJNEMEHTNAPHHH HIWNA0 YMKApUIAA KEHr
Kyanam MyMKHH.

Vmby 6o06na, HaHOKOMTIO3NT acocHaa MeTaMaTephaniiapHi  sApaTHIl
MYMKHHJTHTH Ha3apuii XWXaT[ZaH acocJaNTaH Xam[a Mawiym [mapTiap
GaxapwiraHna Ecorezrmod(w) NApaMETPHUHr Kufimatn manduii  6§nnwn
aHpKnanrad. STeAW YpraHwaaéTral HaHOKOMMO3WT HaMyHaIapy MeTaMaTepHal
XyCYCHATNApUra 3ra 6¥nuum MyMKHH.

Bynnax TalIKapH, paAHOTEXHHKA KypWIMaNapiHH spaTHiga
HAHOKOMNO3NTNApAaH ¢oiijanaHum ycyanapH Ba TexHojnorusapuy Oyiuua
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€annraH amabuéTnap TaxWIH  YTKA3WIraH. VYTKasWITaH TaXJ W acocHAa
HaHOKOMMO3UTNAP TypAM PAgHOTEXHHKA KypPHIMAIAPHHHHT, XyCycaH aHTCHHA-
tdupep KY PUAMANapHUHUHT yauamnapuuu KnupaifTHpHIL, Hmnam
caMapaJIOpJTATHHA OLINPHI HMKOHHHH OcpHIIM aHHK/TanTaH.

HuccepraumsavAr  «Pagmoalioka Ba  pagapiH  TeXHOJIOTHHAA
KyAnaHmnagurad, aHTenHa-puAep KyPAIMANApHAA MeETAMATEPHALIAP»
HOMAH y4ywH9n 6obwga, TaKkCHMITaHTaH NapaMeTpiapra 3ra anoka JHHHACH
3MEMEHTIAPHAAH TAIIKHJA TOHIaH METAMATCPHAIHMHT Hasapuii Ba amanmit
acocJiapy ApaTHNTaH. DXTHMOJTAH Ba MaTeMaTHK MOZACNE WIJTa THKHATAH Xam/a
xucobnanraH napameTpniap acocHAR IOKa JIHAMACH  JJleMeHTIapHiaH
MeTaMaTepHall HaMyWanaph spaTwiraH. Ymby meramaTepHaniapHW anTeRHa-
¢unep KypHaMacHra Ky/uail yCyJ/IH SpaTHITaH Ba CaMapafop/Iuri aHHK/IAHTaH.

Meramateppainapun  ApaTHIl  METOROJNOrHMACH YMyMAAWTHPWIraH Ba
TAaKCHMJIAHTaH  mapameTpiapra 3ra 6ynram  MeramaTepManHM — ApaTHIN
MeTofonornAck wimna6 wnkwiraH. MeTamaTepAAUTapHA ApaTHID IMAPTHNapAHA
XHcoOra oNraH X0/Aa AACKPET Y3aTHIN IHAHACHHWAT TEATJIAaMAacH eTHIITaH.

Meramarepuaniuur  Ty3UNHUUM, 3KBMBAQJEHT CXEMaCH Ba  acOCHii
3NeMEHTIaPU 3-pacMAa KeITHPWIraH. MeraMaTepHaNHHHr Ty3WIHIDM 6up Heua
KaTnamzas nbopar, 3.8-pacMaa OMTTa KATIaM KENTHPHIIraH.

1-mertann crepxen, 2—-AUINEKTPUK TYNAHPYBUH, 3-GUPKAHATLNN ANOKA IMHHACH

3-pacm. MeTaMaTepRAJIHIAT TY3HIIHIOH, METACTPYKTYpa sieifkach
3IeMeHTIapH(a); METACTPYKTYPAHHHT 3JIeMeHTAp Avelikacn(6);
METAMATEPHATHHHI HPHHNKIHAJ CXeMACH(B); METAMATEPHAIHAMT
IKBHBAJCHT cxemacH(r).



MeTaMaTepRATHAAT SPaTHIHION HOYHIAKIA AWHaMUK XOIWca Xucobnananw,
YYHKM MeTaMaTepHay «(MyXUT» HNHCOEPCHS XyCycuaTnapura ara (g(w), p(w)).
ByHpa MeTaMaTepHaNHMHr Hyp/aHMll YAcTOTACH KAHYANMK IOKOpH Oynca, yHn
ApaTAm HWcGaTaH OCOHpOK Oynagn. MeramarepHatAMHT sHa 6mp Yamra xoc
XycycHATH Oy yHUAT dakat o9uwK THIAMIA Maiino 6y Mmvaaanp, SbHH TASWMHHHT
KHDHIDH Ba YHKWIDH YpTacHAa aloka MaBxyH OYnHIDN ydyH MeTaMaTepRaHHHT
6apua 3nemenTnapu 6up 6upn 6unan 6ornadran AXAMT TH3UM GYmun kepax (3.r-
pacm).

ANOKa ITHHWACH JMCMEHTHApRIaH TallIKHA TONMraH METaMaTCpHAITHHHT
MaTeMaTHR MOAENH spaTmirad. Bynga Metamatepuan 6Fiutab snextpomarHuT
TYNKHAH CYHMLICH3 TapKanany. MeTaMyXuT AN3NEKTPHK CHHFAMPYBUAHNHK £()
[apaMeTPH MakiTyM GHp caMapamn MyXHT OHAJIEKTPHK CHHIIAHPYBYAHIIHTH Ec6(0)
cudaruna kypub unkanany,

2

1 w’)
=_[ 2Z (o) »} M)

wl
[0,2552--1]
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Z

Oy epAa @ — reHepaTop TOMORMAAH GEpUIapTan JacToTa, 0y— METAMaTCpHaTHHHT
XycCycHii yacToTacy, Z(®) — METAMATEPUAIIHHHI TYIIMK KapLUHIINTH.

Bu3HEMHr  XONaTAa  METAMAaTepPHAJIHMMT TYIMK  Kapmwiurn  Z(w)
MeTaMaTepraTHHAT 3QQeKTHB TYINK KOMIUIGKC KAPIIWINTHIAa TEHTIATHPHO
onHHagH. MeramarepuamHuHr (3.B-pacM) Xyz Yxkw 6¥imua TViwK dddexTun
KApUITUTHTH Ky HHIarAra TeHT:

2@)=|25 @) ={Z=©) +Ere) +Zref 612 @
MeTaMaTepraTHuAT IVINEKTPUK CHHIAWPYBUAHNWTH £yras Ba  MarHWT
CHHTIHPYBYAHIINTH (pma Ky duparu dopmynanap 6yiiuda xucobnanamu
-1
=17(w1 . (3)
s @)=, (@)t @)
ButTa Xycycanii Xonar yuyH 613 unsukiu 6ynmaran Tenrnamanap TH3HMHBU
(3) euamus. Bynna (1) Ba (2) gopmynanapaan |eeg(@)|{=9,16 ra TeHr IKaHITHTH

aHMKNAHAH, UMy B Emyy KaiiMarTiapd oca (3) dopmynara acocan KyHHMAArn
KWiMaTnapra TeRTITHIY aHHKJTaHOH:

e (@)=-0.67
Em(a’)=—6.l )
Wmna6 auxuirad MaTeMatHK MoJIeNh acocHOa TyPNH dacToTanaplia XHcoG-

x}rro6nap aMaiira  oluMpunrai, HaTWxKanap MaruuT Ba  IAHIICKTPHK
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CHHIAMPYBUBHNHKHWHT dacToTara Gorimk rpaduknapn cudaruma 4-pacmaa
KEJITHpHIIraH.
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4-pacm. MeTaMaTepHAIHAHT YKBHBAJIEHT cxeMacH G¥iinaa maruur (a) Ba
ouanexTpuK (6) CHHrIHPYBYAHARKHAHT JacToTara 6orauK rpadguxiaapn.

Vmby pacMaaH MarHNT Ba  JHDJIEKTPHK  CHHTOHPYBYAHMMK
NapaMeTPIAPHHHHI MKKAIACH XaM Manduii Kuiimarra 3ra SKaWIMrHHE Kypuiu
MYMKHH (u<0, €<0), 6y ypranwnagrrad JacToTa CNEKTPHOA SXTAMOHI MOIETs
aCOCHIA METAMATEPHAIHH APATALL MyMKHHINUTHHN aHINATAAH.

Meramarepuannapiy TaKCHMIIAHTaH OapaMeTpliapra 3ra ajieMeHTNapaaH (3-
pacMm) nunal yukuw ynapHu KWAMPAIL Ba ACAIUHMHI HUCGATaH YHHBEpCAN yCyIM
xXucobnanagm. MetamMaTephan Y3HHHAT XyCYCHATJIapHHN HaMoEH KWIHINH Yy9yH
AKAH Macodiaia 3NEKTPOMArHWT TYNKWH OwiaH HypnawTHpanagu, OGynna
3NEKTPOMArHUT TYNIKHH MCETaMaTepRayilan YTraHaa YHAHT TlapaMeTpiapH Ba
XyCycHATNapH y3rapaaM.

Vprawnnran IXTAMONHA MOJENs CaMapaTM OKAHJHTH Ha3aphi KHXaTaaH
HcOOTnanrannan cyHr, TaKCHMJaHraH NapaMeTpiapra ra anoka JIHHUSIApH
JMCMEHTNAPAaH TYpPAH XAXMIArH METaMaTepHan HaMyHaJlapH spatwirad (5-6-
pacm).

5-pacm. TakcHMIaHTaH NAPAMETPAApra dra, a10Ka AHHHACH
3JleMeHTIApHAaH TAIIKH TOIIaH MeTaMaTepHaJ (3), MeTamMaTepHan
3/leMEHTHHMHTIOKOpHAaH KYpuaumH (6), MeTaMaTepHal /IeMEHTHHENT 1
TOMOHAAH KYPHAHWIH (B).

15



MeTtaMaTepHanNiapHRRT 3neMeHTIapH Gup-Gupwra HHcbaTaH CHMMETpHK
sKOHNAMAINA Ba Y3WIMHOLIap KoiinapH OpacHia 180° ¢apk 6ynuum 3apyp. Cyurpa
METaMaTepHasl METa3JIeMEHTAN Ba METadIEMEHTCH3 AN0OKa AMUHMACHAAH HGOP&T
6ynran KeTMa-keT/MK acochpa HaBGarma-RaBbaT #urwnagu. MeramarepHan
Ty3nnWm¥® yq9 Kartnampgad w6opar 6ynnb, xap Owp kaTtnamia asnicMeHTNIap
TYNNaMHEAHT TapTHOW y3rapamw, Oy ¢asa YsrapyBuaH/IHWrATa IpHIOVIN Y4YYH
amanra owmpunand. MeramarepuanHMHr 6Gapua anementTnapn Gup-Ompura
CHJIHKOH efIiM EpAaMuAa OUpIamITHPUIAIH.

6-pacm. TakcHMIAHTaH DAPAMETPra 3ra, a10Ka JHHHACH JJIeMEHTIaPHAaH
AGOPAT MeTAMATEPHATHHAT XaxkM 6¥in9a KkaTTaIAITHPAIraH HaMyHacCH.

Slpatwiran = MeTamarepuan  aHTeHHa-QuAep  KypwIMacH  Mllnam
caMapafiOpJTITHK OMWDHII HMKOHHTA 313 3KaHJIMTHHH aWHKJTall y9yH Taxkpuba
KypimMa MakMyacH KyHupard snemeHTnapmaH uoopar: 3 Kluman 3 IMorava
yacToTa Auanasonnaa uuwajinnran Rohde & Schwarz SM 300 curnan
. remeparopy; 450 MI'n gan 8 I'Th wacToTa gManazoHMAa HUUIAHIMIaH y3aTyBUH

aHTeHHa-pHAEP KypUIMACY; y3aTyB4H aHTeHHa-(puaep Kypunmack 6unan 6up xun
napameTpnapra sra 6ynran kabyn KmwiyBuW awTeHHa; 9 KImmar 7,5 TTuraua
"acToTa AWanasownna wmnadinwran Rohde & SchwarzPR100 noprartie kabyn
Kwmam, Yoam  MocnamacH  (7-pacM).  ByWaa  MeramarepHan  y3aTysuM
aHTeHHAHHHI AKHH Xy Ay AHIa yPHATAIAAH.

7 - pacM. MeTaMaTepHATHHAT aHTeRAa-QHIEDP KypHIMacHTa HRc6aTan
CcAMAPATHIMIHHH AHHKAAM YYyHAHFAIraH TaxpH6a KypwiMa MaxkmyacH.
Bynna 0,6 nan 2,4 I'Turaua 6§nran 4acToTa AMana3oHWAa MeTaMaTepHa

Gynran Ba 6YMMaran MyXuT yuyH MaHIOH Ky'WIaHTaHTHTHHUHT 9acToTara Gornuk
rpaduxnapy onunrad (8-11-pacm).
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BUpWHYH HaMyHajiarH MeTamaTephan (5-pacMm) O6y#inma YTRasHnTan Ymuos
HaTixanapu 8-9-pacmiapaa kypcatwirad, Oynaa ymuam xagamu 100 MI'm (8-
pacm) Ba 20 MI'u (9-pacm).

_— [ teruarepwan Grna
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NS N
% *® N
75 2
l“,’
70
04 06 08 10 12 14 16 18 20 22 24

Wacrora (M)
8-pacm. Yacrora Ba maiinon Ky'wnuiary ypracuaara rpadHx: y3mykcens
9YH3NK — METAMATEPHAJIIA MYXHT, Y3YK YH3HK - MeTaMaTePHANICH3 MyXHT.

MeTtamarepHan MaBxyR 6ynrar myxwtaa 0,6+1,2 TTu Bal,7+2,4 TTn
9acToTa  AMANa3oHIapuaa  MafiioH  KyWIaHTaWIMrH  IapaMETPHHUHT
KyqaliTaHTWTAHH KYPHID MYMKHH, Makcwman kydaltwm 2,2+2,4 TITouacrora
AnanasoHuna Ky3aTwirad. Ymby uacToTa AuanasoHMAa yqall MIUIApH Kaiira
¥Tkazunran Ba KyWnaarn HaTmkanap ofmHTan (9-rasm).

2.0, /]
%., [\ pavi
AR YAVANY
MR
gu ||" :‘;" ‘\l

Yecrora (MW
9-pacm. Yactora Ba Maliion Kyunanarn ypracHmarn rpadnk: yirykens
YHIHK — METAMATEPHAJLIA MYXHT, Y3YK YH3HK - METAMATEPHAICHS MYXHT.

AHTeHHa-(MOEP  KYPHIMaCH  y3aradTraH  JJIEKTPOMArHMT  TYJIKHH,
MeTaMaTepuaniaH YTraHAaR cYHT Mali[JOH KyWIaHTaHTNK NapameTpn ¥praua 4
ABuB/m (Mmerpra aecuben MukpoBonT)KyuaiiTMpwiran Ba 2,24 I'Tn wactorama
MakcHMaUT KuitMaTH 7 nbpB/Mra TeHT. SIbAW KeHT 4acToTa AHAITA30AHNA aHTEHNa-
duaep KypwIMacHNAH Y3aTHNAETraH 3JIEKTPOMATHUT TYNKUH NAapaMETPUHHHT
AXIIWIAHHIIV Ky3aTHJITaH,

MeramarepHanna pasMepnH 3¢dekTHn Ypraxmm y-lyn x, y Ba Z ?x,napu
6yitwaa yauur Ymamnapy YarapTupanrag. b HORAPA=N
(5-pacM) kyimparu Yymamnapra  oral




Yraamnapw Kyimgarega  (x', y', z)=(135; 85; 20), ynapHuHT ¥3apo HucGaTH
KyHHAarara TeHr )

(x:, yv’ zl _ ]

W—(l,59;1,35,1,1).

VTxasanran  Takpw6a wmutapu  NaBOMANA WKKMAWH  HaMyHajard
meraMatepuan 6Gunnan Ba mMeramarepuancu3  (6-pacM) MyxXHTAa aHTEHHA
KypWIMacHIaH y3aTHNaETraH 3JIEKTPOMarAuT TYAKWH MalNOH KyWIaHTaHJIHIH
NapaMeTPUHUHI 4acToTafaH GOFIMKINIHHY YpraHaMH3,
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Yacrora (ITY)
10-pacm. MKKH KaTIAMJIH METAMATEPHAN: YIIYKCH3 TM3HK—
METAMATEPHAJLIH MYXHT, Y3JYK/IH TH3HK— MeTaMaTePHaJICH3 MyXHT.
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Yacraro (IMTW)
11-pacm. Y4 KATAaMIH METaMaTepPHAI: Y3JIYKCH3 YH3HK—
METaMaTEPHAILIM MYXHT, Y3AYKJIH THIHK— METAMATEPHAJICH3 MYXHT.

HUKRAHIH HaMyHanarn WKKM Ba Y9 KATJIaMJIH MeTamaTepHamniapiia MainoH
KyWIAHTAWMIMHUAT MaKCHManl Kydahmmu 2 gan 2,25 [Tuyrawa 6¥nran
JIAaNa30Ha Ky3aThnraH, 2,1 TTunga 15 aAbuB/M raua KyuafitupunraHn.

Takkocnall acocHfa my KYpuHauuky, OHPMHYH XoJar#a MaKCcHMal
xyuaiiprmra 2.24 TTuH 9actoTaga (9-pacM), HKKAHYA XONIaTAA 3ca MaKcHMan
Kyuairrapum 2.1 I'T'y 9acrorapakysatwiras(11-pacm). Byns MeramarepHaNnHHHT
¥3ura Xoc XyCyCHATIApH acOCHAA TYWIYHTHPUII MYMKHH, MeTamarepHan
YITMaMIAPHHMHT KATTANAMIMIIH YHUHT caMapalii acTOTaJlapHHHHI MacaliHiiura
onHb kenamgm.
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BHpHHYH HaMyHanarn MetamarepHan acochia 10%ra HKKHHYH HaMyHazarH
MeTamMatepHan  acocufa 30%ra  aHTeHHa-QHAEP KYpWIMACH  MIUIam
CaMapajioPJIUrHHy OLIMPUILIra SPALIHITaH.

Huccepramusunar «ARQpakM3An BA ONTAK YACTOTA AHMANA30HHA2
MEeTAMATEPHAJTHH KHIHPHIN Ycyam» HOMJH TYPTHRYA GobWioa, omTwk Ba
panwodacToTa QUana3oHN/a METaMATEPHATHA KHAVPHII aHANOTHACH YpraHnnras.
Y6y ananorns, uykyp ¢M3MK MabHOra 2ra, MyHKM ONTHK AHANA30HAA
MeTaMaTePHATTHUHT XyCyCHATIapH PafHOYACTOTA AHANA3OHHAATH XYCYCHITIapHIa
MOC KefTaju.

Ymby 6o6ma oammit Marcpnammap Ba MeTamaTepHaiap YYYH TYNKHHIA
aHaJIOrAAr CUrHAN y3aTHI TU3UMHHUHE XUCOO-KHTOO HaTwKanapn KeaTHpUIraH,
YacroTaHMHr TypnH KMAMATNapuia METaMaTepUalUIH MyXUTHHMHT Ky4alTHpHII
Ko3thuieHTHHN Con KuiimaTnapu aunknauras (12-pacm). Onuxran Hatwkanap
WYHH  KypcaTaJMkwW, MeTamaTepHajiap acoCHA3 CHATHAUIApHH  XaM
pamvonana3oHAa XaM ONTHK JWana3oHAaa Y3rapTHPHID MyMKAH,

A : : ; H
A ; i i R
H
M N

Kynofmupsw coadduuwerTy
to

79 e 4a ta
tacrora (w)

12-pacm. KyuatiTupum ko3¢ drmpeRTRHMHT 9acTOTara GormmKInk rpadara

Bynpait  anmanorma  WHdpakMsmn  Ba  ONTHK  JQHanasoHnapia
METaMaTepHAIAPHA KHAHPHIIHAHT SHTH YCNYOHHY TaKIHG) KATAIIMMH3NA WMKOH
6epagn. Anamorus Fe;O: xymmmuan KanaHamomofopamiv  mumanapaa
TepMapafinallHOH TabCHDAA DaHT MapkalNapHAHHT Maurl mrddepeHuwan
IOTWIMIIMHUHT, METaMaTepHANTHUHT PagHOYacToTa IOTWIMINK OWIaH TaKKociam
OpKaJIH aCOCJTaHTaH,

XVJIOCA

“MetaMarepHannap acocuaa aHTeHHa-QHACp KYpHWIMalTapHHAHT
CaMapanop/iMrHHH OMMPHLI YCy/NapH Ba Mofesnapi” maezycuparn dancada
aoktopH (PhD) aucceprammsch 6yinda o6 GopwiraH TaaRWKOT/IAp RATAKACHA
Kyiinaaru xynocanap TakuMm 3THIARN:

1. HaHOKOMNO3ATHHAT MepKoNAUMA uerapachiaH IOKOPHAA Ba nacTAa
cHMMeETpHK MaxcBen-I'apHeT SKHHIAIyBH acOCHIA CaMapalii MyXHT JOHpacHia
Sxearopuan Kepp addextn cnextpan Gornuramkiapi MofennamTHpHnH. Ymoy
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M2rRETO-ONTAK YCITy6 HaHOKOMTIO3NTJIAPHAHT TY3HTHWHHH Gy3MaciaH yNapHHHT
XYCYCHAT/NIAPHHH KEHT A0HPaja ypraHuira uMKoH Gepran.

2.OxBaropuan Kepp addexrn acocunarn xuco6 xurobnap wyuu
KYpCaTa/MKH, FAaHOKOMTIO3NTHHHT ROMEH IpaHynanapy pamaycnapu 1,5+1,7 amra
TEHT. DKCNEPHMEHTAN MARTYMOTAApAA XaM TpaHyNaNapHUAT MakcHMan Ymaamu
2+4 AMra TeHr Gymmm xypcarmwirad. HaHokoMnosuT MarepHannapia (o)
napaMerp mautuii 6ymmmn acocnna ynapuu nudpakuzun Ba ONTHK YACTOTa
IHANA30HNAPHAA METaMaTepHan CHATH/IA Ky/U1all Y9yH TaBCHA STHIraH.

3. TakcHMnaATaH TapameTpiapra 3ra anoka JHHHACH JNICMEHTNapHIaH
AGOpaT MeTaMaTePHATHVHT 3XTAMOJHA BA MaTeMaTHK MOJE/TH HILIab 9HKwIraH.
Martematnk monens Gyitnua yTkasunraH xucoG-kHToONap Ba ONMHIaH HATHIKANAP
acocHEa MakiyM OHp uacToTa AHANA30HHAA MArHHT XAMAA IMIJIEKTPHK
CHMHFAMPYBYAHINK NAPAMETPNApUHMHI MaHMH KuliMatra TeHr JKAMMHCH
anmKNaHgH, Oy sApaTHNa&TraR MarepHam MOZRCAH XaKHKAaTHaH XaM HKKasia
napaMeTpH XaM MaH(Rit MeTamaTepHan JKaHNATHHN Gunawpamm. Metamarepyan
TNlapaMeTPNapHAH XHCOONAI y'yH [acTypHii BOCHTa ApaTH/TaH.

4. 3amonasuil MATu-aHTEHHA NAaWXAPAapHHH TaXAW1 KWIHI  WYHYA
KYpCaTAHKy, MeTaMaTepHA/IApHH KHUHK aHTeHHANApHa Ba palap TeXHHKAacHAA
Ky/nau acocnaa cesunapiy a3alInKapra 3pHUIHLL MyMKiIH, XyCycaH aHTeHHa-
¢umep KypwIMacWHWHT WYHaNWID AHWarpaMMacHiarw €W GapriiapuHu AYKOTH
xucobura yzaTwiagrras CHrian KyBBaTH OLUHPHITaH,

5. TaHnarTad SKCMNEPUMEHT YTKazMm ycyim G¥#waa renepatopHuur 0,6+3
[Ty vuacTota nAuanasonupa Taxpuba uamwxanapu kenrupunrad. Taxpuba
apatHua MeTamarepHan Xed KaHia# ONEKTp 3amKHpRapura YnaHMaiiw,
CHTHATHWAT MaKCHMaNi KydyaliMioWra JpHIIAII Y49yH MeTamMaTephan Xamia
y3aTyBUM aHTeHHa ypTacHna omTMan Macoda Tammanwum kepak.Taxpwba
[ABOMHMAA MaiifOH Ky'WIaHTawlury napaMeTpuuusr Kuiimamauu 10-15 abuB/m
rava KyJafTHpAIHWHra IPHIINATAH.

6. TankHKOT MM JaBoMMAA OMpHHYM HaMyHanary MeTaMaTepHall acocuia
2,2+2,4 T wactoTa manasonnaa 10 %rada, WKKHHYH HaMyRa acochia 2,0+2,2
[Ty vacrora Ananasonuna 30 % raua y3aTyBud aHTeHHa KyPHIMAacH MainOH
KY"WIaHTaHIHTH NapaMeTPHHH KydaiTHPHILTA 3PHIDWITAH, SbHA aHTeHHa-GHICD
KYPWIMACH  CAMapajOPAUrHMHM  OWMPHI  Xycycustura ora  Oyaran
METaMaTepHATHHAT HaMyHanapH SpaTiiraH.

7. Kannii. amomo6oparnn Fe;O3 KymuMuyany wumanapaa TepMopagnaunon
TAaLCHpA PaHT MapKaNapHHHAT MaHQHH Anddeperuman IOTHIMIIHHWHT, MM
PanMOIOTHIMI Mapxasy Gunan ¥3apo GOFNMKNMCH aHMKNAHraH. Ywby uwpa
aHAOIWA TYIIYHUacH KEJTHpWIraH GYnnG, y pamwofmManasoH, WH(paKHIHN Ba
ODNTHK [¥Aana3oHAA METAMATEPHAIUIAPHA HITALHUHE AHTH YCY/UIApPHHY aHHKMall
HAMKOHWHH Gepamy.
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HAYYHBIA COBET DSc.13/30.12.2019.T.07.02 IIO IPUCYXAEHHUIO
YYEHOW CTENTEAW NMPA TAINKEATCKOM YHABEPCHTETE
HH®OPMAIMOHHBIX TEXHOJIOIUH

CAMAPKAHICKHWH ®WJIAAJI TAIKEATCKOTO YHABEPCHTETA
HHOOPMALMOHHLIX TEXHOJIOTUHA

MHP3OKYJIOB XOTAM BAXTHEP YIJIH

METO/bI H MOJIEJIM IOBBLIIIEHUSA 3®®EKTUBHOCTH PABOTHI
AHTEHHO-®WAEPHBLIX YCTPOWCTB HA OCHOBE
METAMATEPHAJIOB

05.04.02 - CacteMEl B YCTpO#HCTBA PaMOTEXHAKH, PAAVIOHABATAIHA, PAHONOKALAA A
TCREBAACHWA. MOOHNEHEIC, BONOKOHHO-OMTWICCKAE CHCTCME! CBA3H

ABTOPE®EPAT JUCCEPTALIUH
AOKTOPA ®HJIOCO®HH (PhD) NO TEXHHYECKHM HAYKAM

TawxkenT — 2020



Texa guccepransn noxropa ¢rnoccdrn (PhD) oo rexauaeckam aaykam 3aPErHCTPEPOBAHA
B Bricmeii arrecrannonsoii xomeccan npa Ka6aaere Munacrpon Pecoy6muxa YiGexucran 3a Ne
B2020.2.PhD/T1617.

Hucceprauus suinonuena B Camapxaunckom ¢uamane Tamkenrcxoro  yHusepcHrTeTa
AAGOPMAIHONHEIX TEXHONOTHH.

Asropedepar anccepramuy Ha Tpex a3mikax (ysGexcrufi, pyccxmii u anrnmiicxuii (peatonce))
pasMeuen ua Be6-crpannue Hayuroro cosera (www.tuituz) n va Hudopuaunonno-oGpasosarensiom
noprane «ZiyoNet» (www.ziyonet.uz)

Hayannii pyxosogarens: Camaxaryunos Ampuraas Hyparaanopas
KaHARAAT (HIHKO-MATCMATHYCCKHX HayK, ROLCHT

OjnunamLanic oNIOHCHTEI Macenxnit IOpwil Banepeanm
ROKXTOP TEXHUYECKHX HayK, MOLEHT

Mlaxo6aaannos Axsmep MlonarxHANEHOBEY
noxrop ¢rnocodun (PhD) no TexairieckHM Haykam

Beaymad oprarwsamws: TAaWKeATCKAN  TOCYAAPCTBCHABIN  TCXAAWRCCKWH
yunnepcarer amean H.Kapamosa

3amuTa JHCCCPTALHH COCTOMTCH «_df_» Wﬂ 2020 r. n/j_‘fqma Ha 3aceganns Hayuitoro
cosera  DSc.13/30.12.2019.T.07.02 npa  TamKeHTCKOM  YHHBEPCHTETE  HHGOPMAHOHHEIX
Texnonorwit.(Anpec: 100202, r.Tamwenr, yn. Awmmpa Temypa, 108.Ten.:(99871) 238-64-43;
daxc:(99871) 238-65-52; e-mail:tuit@tuit.uz).

C mmccepranmest MoxAO 03HakOMHTECS B MrdopManmonmo-pecypcHoM tentpe TammenTckoro
yrReepcATeTa WROOPMAOROHREIX TEXHONOTHH (PETRCTPRUHONHE! HOMEp Nda26 ). Anpec:100202, r.
Tawmxeur, yn. Asupa Temypa, 108. Ten.: (99871) 238-65-44.

AsTopediepar acceprauun pasocnau«ﬁ_ », 2020ropa.

(mpotokon paccsuixy Ne i ot «j_b_» M’_ 2020r.).

H.X. Canrxos
/ pencenarens Hay4Horo cobera no npucy&acHHIO
yueHbIX crencueli, 2,T.4., npodieccop

X.9. Xyxamarton
Vuennii cexperaps Hayunoro cosera no nprcyxachuio
yuenbix creneneti goxrop rnocodun (PhD), sonent

~— A.A, AGayxaromos

penceaTeNnt HAYHHONO CEMHHApa NpH
Hayw4nom COBETE 10 HPHCYXACHHIO YHEHMIX CTCREHCH,
4.T.H., npodeccop



BBEJ\EHHE (anHoTauns aMccepranin okTopa ¢puiaocodpun (PhD)

AKTYaILHOCTL H BOCTPeGOBARHOCTL TeMEl JWccepTammH. B mupe B
NPOU3BOACTBE M B NPHMEHEHHH aHTEHHO-pUAEPHBIX YCTpolicTs 6onsmoe
BHHMAHHE yoenaerca YMEHLIUCHHNIO pasMepoB aHTCHH, 3HA4YHTECJILHOMY
YBENHYECHUIO UX AANBHOCTH MepeAayvHd H KOHTPOJIO AHArpaMMsl HaIllpaBJIeHHOCTH
TIpH 3alaHHBIX NTapaMeTpax NepeNaTInKoB. B aTo# o6nacTH, BKIIFO9aA MOBLIINEHAA
3(eKTUBHOCTH aHTeHHO-(MACPHBIX YCTPOIiCcTB, ocoGoe BHHMaHME YIeNniaeTcd
pa3paboTke Mozeneli aHTEHH Ha OCHOBE MeTaMaTepHanoB, MeTonam
MCMONb30BaHHUs CBOHCTB KOMIIO3HTHOrO MaTepHana mjid YJy4IeHH:A MapaMeTpoB
CYUIECTBYIOWMX aHTEHH W CO3JaHWI0 HaHOAHTEHH Ha OCHOBE MeTamarepHanos. B
PasBHTHIX CTpaHaX, Takumx Kax CILIA, BenukoGpuranns, Kwrak, ®pamms,
Snonns, Unmwa, FOxnas Kopes n Poccmiickas denepanyns, HCCICAOBAaHNI 110
paspaboTke MeTOROB M Mozeneil nnd noebmueHdsd 3¢GeKTHBHOCTH aHTEHHBIX
YCTPOHCTB Ha OCHOBE Paz/IMYHbIX KOMIO3ULUHOHHBIX MaTEPHANOB ABJAECTCA ONHHUM
H3 BKHEHIMX 3anad. .

Bo BceM MHApe TIpOBOOMTCA psAA  HaydHEIX  HCCACHOBaHWHA 1o
COBCPIICHCTBOBAHHIO CHCTEM PpaAMOCBA3H, BKJIIOYAas YTPARICHHA [AarpamMmod
HaNpaBfEHHOCTH AHTECHHO-(HAEPHbIX YCTPOMCTB, yMEHBLICHHIO HX PasMEpPOB H
YBEJIMUEHHIO JANLHOCTH nepenatH. B aToit o6nactu ocofoe BHHMaHMe yaenseTcs
TIOUCKY HOBEIX THIIOB MAaTEPHAIOB IS TOBHIMECHHS 3P(PEKTHBHOCTH AHTEHHBIX
ycTpoiictB, pa3paboTke TeopeTHUecKOH OCHOBEI Ui HCMOJNB30BAHHSA
HaHOKOMIIO3NTHEIX MAaTEpHAIOB B HaHOaHTEHHaX, pa3paboTke NPAKTAICCKHX
penicHHH, COBEpPLICHCTBOBAHHMIO MNAaTY-aHTCGHH Ha OCHOBE METaMaTepHANOB H
TOMKHX MJIEHOK, METOAaM H MoaejsM macuiTabupopauna. B 1o ke Bpema
aKTyansHa pa3paboTRa MeTOAOB W MoAeieH TNOBBNUCHAA 3(PeKTHBHOCTH
aATeAHO-GNIECPHBIX YCTPOHCTB Ha OCHOBE METaAMaTEpPHAJTOB,

B Pecny6mxe TpeANPHHHMAIOTCH MEpBI no JanbHeRmeMy
COBEpPLICHCTBOBAHMIO O0NIaCTH PamMOCBA3M M UH(OPMALMOHHLIX TEXHOJIOrHiA,
PacIIMpeHHIO OXBaTa CHCTEMaMH MoOOHILHON CBf3W, pa3paboTKe CHCTEM,
ofecneunBalomuX CKOpPOCTh M Ka4eCTBO nepepaud AaHHbX. B Crparerun
AcHCcTBHI no AanoHeimemy pasButiio Pecny6nmku YVabekucran ma 2017-2021
FoApl MOCTaBjleMbl 3a4a4H, B TOM uucie “... BHeApeHue uHPOpPMALMOHHO-
KOMMYHHKAUMOHHBIX TEXHOJIOTHII B JKOHOMHKY, COOWANBHYIO cdepy, CHUCTEMBI
ynpasjieHHs, ... pacliHpeHHe 30H MOKPBLITUA ceTedt MOOMILHON CBA3H NO Beeit
pecny6nmke” !. OnHol M3 BaXKHEIX 3aJa4 AB/SETCA pa3paboTKa TEOPETHUECKOH H
NpakTHIECKOH OCHOBHI IUIA CO3/IJaHAA W COBEPUICHCTBOBAANUS METONOR H MoAeneH
aHTEeRHBIX  YCTPOHCTBIUIA  YBENWYCHHS  JATBHOCTH  MEpedadd  CHCTEM
6ecnposonuoii cBa3u, paspaboTka Teopermueckoii OCHOBHM AnA  co3naums
COBPEMEHHEIX MaorabapHTHBIX AaHTEHH Ha OCHOBE TOHKOIUICHOUHEIX W
HaHOKOMIMNO3UTHLIX MAaTEPHAIIOB.

Hccnenosanna B paMkax NaHAON NUCCEPTALMH B ONpPEACTICHHON CTENeHH

'Vias MpesngerTa PecnyGmwa ViGexncran NeVT1-4947 or 7 despam 2017 roga “O cTparernn acicrenit
nopansuefinesy passumiio Pecny6nuxn Ysbexucran™
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CIy’aT peanM3aUWA pemeHAWH W 3aj1aq, WaTOXeAHHX B Ykase [TpesnzerTa
Pesnyﬁmum Vibexncran Ne YI14947 ot 7 despana 2017 rona «O Crparerun
beficteuii  no  pansueiiemy passuTmio  PecnyGnuxn  Yabekucraun,
Tocrarornermn Ne TTT1-4329 oT 22 mast 2019 roga «O Mepax mo YCKOPEHHIO
Pa3BATHA TENICKOMMYRWKALIMORHONH WHPACTPYKTYpPEl B HACCNCHHEIX TMYyHKTax
Pecriyonmkn V36exucram» # HOpMAaTHBHBIX NPABOBBIX aKTaX, CBA3RHHBIX C ITOM
DEATENLHOCTLIO.

CooTBeTcTBHE HeCTe0BAHNSA MPHOPATETHLIM HATPARICHNIM PA3BHTHS
HAYKH H Texnonormii pecnmy6amks. Hactommas pabota BmmonHeHa B
COOTBETCTBHH C NPHOPHTETHEIM HANpaBNCHACM Pa3BHTHI HayKH H TCXHOJOIHH
PecyOnukn Vibexncrau [V«ingopmarnsaumi n pasputue uHOpMAUHOHHO
KOMMYHHKAIHOHHEIX TEXHOJIOTHID.

Crenmeny usyvemnoctd mpobnemul. B HacToauwlee Bpema NpOBOJMTCA
ITHPOKHIt CMEKTp HCCNeR0BaRMil 1Mo pa3paGoTKe METONOB M MOZENEH NMOBLIMCHAS
spdexTMBROCTH  aWTeHHO-(HMAEPHBIX  YCTPOHCTB,  TCOPETHYCCKHM  H
MPaKTHYECKWM OCHOBaM CO3JAHHS METaMaTepHanoB, H3YUCHWIO CBOWCTB
TOHKOIJIEHOYHLIX M HAHOKOMMO3MTHBIX MATEPUANIOB M MX OPUMEHCHHIO B
obnactu PamMOCBA3H. 3ajayd, HANparIeHHEIC HA CO3AaHME TaKMX METONOB H
Mozeneii Gs1 Brmoyens! B 6a3p1 nannnix Springer, IEEE Xplore, eLibrary, Web
of Science, Elscvier, B OCHOBHOM H3yde€HBl CTaThH OMy6NHKOBAaHHEIE B
nocenHMe roast B HAYUHBIX JKypHanax, nepeuncnennsix B cnucke [EEE Xplore,
Scopus m Web of Science.

TIpo6neMbl CO3NAHMA METAMaTEPHANOB, M3y4eHns HX coeuudHyecKux
CBOMCTB H WX NpHMEHEHHS B PasIHYHEIX OONACTAX WHPOKO OCBEIMIAIOTCA B
MApoBol HayuHOHW mwTepaType. Haydwwie Tpyms B.I'.Becenaro, J.B.Pendry,
D.R.Smith, H.N.Enghetta, R.W.Ziolkowski, A.H.Jlaraptkosa, B.Cmocapa, A.K.
Capriuesa, A JI. Cenesuesa, C. Caloz, X. Zhang, ITA. Benosa, B.M. Illanaega,
10.C. Kuemapa, A.I'panosckoro, E.A. Iawsmmwoi, -A.H. lOpacosa ¥ 1pyrux
M3BECTHBIX 3apyGEeXHBIX Y4EHBIX HOCBALIEHb! AannoMy Hanpasnenuio. Kpome
TOTO, MIYYeHWI0 HccaeayeMoll mpeOneMbl MOCBAICHLI  HAy4YHEIE  TPYABI
OTeuecTBEHHbIX yuenslx, Takux kak X.K. Apunos, A.M. A6nynnaes, AA.
A6nyaswsos, A.M. Hazapos, T.I". Paxnmos, JI.H. Jlnkorues, B.A. INy6enxko, A 1L
IlJaxo0npanHoB H ApYTHE.

Pe3ynLraThi aHaNH3a NOKa3amH, 4T0 paspaboTka M BHEAPEHNE TEOPETHIECKAX
M DIpaKTHYECKHX OCHOB, METOHOB M Mojelnedl ani CO3AaHHA ManorabapuTHeIx
2HTEHH W3 TOHKOMACHOYHLIX W HAHOKOMRO3WTHLIX MAaTepHaoB, CO3NAHHA
METAMATEpHATIOB W MX DNPHMEHEHHA B AHTEHHLIX YCTPOHCTBAX HENOCTATOYHO
M3Y9eHbI.

CBf3L  JWCCEpPTAMOHHONO HCCIENOBAHHA ¢ IUIaHAMH  HAYdHO
HCCEJ0BATeALCKHX paboT HayHHO-HCCNEA0BATE/ILCKOO YUPEXACHHS, Tae
BbINOJHeHA ApccepTaumg. [lucceprauuonHas pa6oTa BLINONKEHA B paMKax
Hay9HLIX paboT T KeHTCKOTO YHWBEPCHTETa WH(OPMAUHOWHEIX TEXHONOTHH
umenn Myxammana an-Xopasmuii no NpoeKTaMm HUP-2019-6 “Paspaborka
CHCTEMBl  JICKTPOTIHTAaHHA  OeCTpOBOAWLIX  JaTYHKOB  OT  JHEPrHH
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3JIEKTPOMarHUTHOro MayJeHus” (2019-2020 rr.) n NebB-A3-027 «PaspaboTka H
BHEAPEHHE CHCTEMBl YNPaBICHUA 3JEKTPOCHAGKEHMEM 3JHEProHE3aBUCHMEIX
3panun» (2017-2018).

Heanio HcUIeNOBAHHA ABIACTCA NoBeImeHHe 30 QeKTHBHOCTH paboTel
aATeHHO-PNIEPHEIX YCTPOHCTE Ha OCHOBe (HIHIECKWX ABICHAN  MpOINECCOB
HabmonaeMbIX B HAHOKOMIIO3WTaX ¥ MeTaMaTepHaliax.

3ama9n ncciIe10BAHHA:

aHamu3 GH3MYMECKHX MABMACHMA B TOHKMX IUIEHKAX, KOMIIOZHMI[HOHHBIX
MaTepHanax W MeTamaTepHanax, HCrons3lyeMsiX B ofopyznosaRmH B mprbopax B
obiacTH pagHOTEXHHKH;

HccnenosaHne (HU3NYECKHX ABNEHMH M MNPOLECCOB B  HAHOKOMIIO3ZHTAX
HCTOJIB3YEMBIX B aHTEHHO-QUACPHON TEXHHKE H HAHO3JIEKTPOHHKE;

paspaborka MaTeMaTHYECKOl MOIeNH MeTamaTepHana ¢ ABOHHBIMH
OTPHUATENTEHEIMH napameTpamMi (g(®)<0, p(w)<0), obnagaromero cnocoOHOCTEIO
YAyYmaTeE XapakTEPHCTAKH W TapaMeTpsl aHTeHHO-(PHACPHBIX YCTPONCTE B
IHPOKOM ANANa3oHEe JacToT;

paspaborka Merona mnoBbumeHus 3IPEPEKTHBHOCTH AHTEHHO-(DHREPHBIX
YCTpOHCTB Ha OCHOBE METaMaTEPHAJIOR;

paspaboTka MeTOAa MOMCKA METAMAaTEPUAIOB B LIMPOKOM YacTOTHOM
AvanasoHe.

O0bexTOM MHCCICROBAHME ABJAETCA AHTEHHO-(PUAEPHOE YCTPOHCTBO C
nosenueHHo#d  3ddexTHBHOCTEIO paboTel Ha OCHOBE HAHOKOMTIO3NTa W
MeTamaTepuana.

TNpeaveToM HCCACAOBARHA SBIAETCH M3yYeHHE (IHIHKO-TEXHHYECKHX
NapaMerpoB AHTEHHO~(MREPHBIX YCTPONCTE H NPOLECC MNOBLUNEHHA MX
3 hekTHBHOCTH ¢ TOMOUIEI0 HAROKOMITO3ATOB H METAMATEPHANTOB.

Metoapl uccnenosanns. B npouecce HccnenoBaHna MCHob30Banoch
MaTeMaTHYECKOE  MOAEIMMPOBAHWE, pacdeT pPAchpefelieHHEIX  NapaMeTpoB
3/IEKTPUYECKHX 1eneli, HMHTAUHOHHOE MOLENHPOBAHHE M ONEPALMUOHHLIA METOoA,
OTKPBITEIX CHCTEM.

Hayunas HOBH3HA HCCIICIOBAHUA 3aK/IIOYAETCA B CIIEAYIOLIEM:

paspaboTana MaTeMaTHdeckas MOJE/k MeTaMaTepHana C pacripeAcNCHHEIMA
napaMeTpamMy yJy4ilalomias NapaMeTpbl 1 XApPaKTEPHCTHKN aHTEHHO-(PHAEPHLIX
ycrpolicTs; ‘

nonyyeHst 06pasupl MeTaMaTepHana C PacnpefeseHHbIMH NapaMeTpaMH Ha
OCHOBE 3JIEMEHTOB JIHHHH CBA3MN;

paspaoran meroa nosbunenna 3GEPEKTMBHOCTH  aHTenHO-(HAEPHLIX
YCTpOHCTE C NOMOIIBI0 METAMATEPHAJIOB C pacnpelielleHHEIMH NapaMeTpaMu;

pazpaboTan MeETON FMNOHCKA METAMATEPHANOB C  PaclpeAc/IeHHLIMH
NapameTpamH, paboTalonMX B PaZiio ¥ ONTHYECKOM AWANA30HaX JacToT.

IpakTaveckne pe3ylbLTaThl HCCIEA0BAHHA 3aKNI0YAIOTCA B CIIEAYIOLIEM:

TPaKTHYECKH HCC/ICNOBAHEI H TOJNYYEHH MarHWTOONTWYECKHE CHEKTPHI
METaUIOANINEKTPUMECKUX HAHOKOMIIO3HTOB Ha OCHOBE 3KBaTOPHAILHOMO
a¢dexra Keppa;
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pa3paboTaHO  TIporpaMMHOE  CpPelCTBO JUIA  pacueTa  TlapaMeTpoB
MeTaMaTepHana, HCNONb3yeMoro Ajis noBeUeHHA 3((eKTHBHOCTH aHTEHHO-
¢unepubix ycrpoiicrs;

€O3/1aAB! 00pasiBl MeTaMaTepHaioB pasHLIX Pa3MEPOB M Ha WX OCHOBC
TIOBBMIECHA 3 e KTHBHOCTE aHTEHHO-HIEPHEIX YCTPOHCTE.

ocTOBEPHOCTh Pe3yNLTATOB HCC/IeA0BaHHA O00OCHOBAHO COOTBETCTBHEM
TEOPETHYECKUX M NPAKTUYECKMX pe3yLTaToB APYT C APYroM, CpeacTBamu
CHCTEMHOTO  aHa/H3a, MaTeMaTHdeckoil  CTaTHCTHKOM H  TeopueH
INEKTPOMArANTHOTO H3ITY9EHAA, CPaBHHTENLHBIM COTMOCTABNIEHHEM DE3YNTbTATOB
TIOTYICHHLIX Ha OCHOBE O6IHENpPHHATEIX KPHTEPHEB.

Hayunas H mpaKkTHYeckasi 3HAYMMOCTH DPeE3YJLTATOB HCC/ICN0BAHMS.
Hay4nas 3Ha9MMOCTL pe3yNBTaTOB HCCHCNOBAHHA OOBACHAETCA METOHAOM,
OCHOBAHHBIM HA IUHPOKOM CHEKIpE H3yYeHHd CBOACTE HaHOKOMNO3HUTOB,
MaTeMaTHIEeCKOH MOJE/I0 METaMaTepranoB, YIyJINAOMHX XapakTepHCTAKH H
TIapaMeTPEl  aHTEHHO-OHICPHEIX YCTPONCTB, METONOM HCIONE3YIOUWAMCA  JUTA
TIORCKa METAaMaTepHaliOB B PasHBIX MOIOCAX JacToT.

TMpakuueckas 3HaYMMOCTb Pe3yNbTaToB  HcCaenoBanns obbachaerca
paspaboTkoli mporpamMmHOro obccriedeHHs ANA  OMNpPEACSICHUS NapaMeTpoB
METaMaTepuaoB, CO3AAHHEM METAMATEPHANOB Pa3HbIX Pa3MEpPOB H YBEIMYEHHEM
NATLHOCTH TiepeIadd MEKTPOMArHATHEIX BOJH aHTCHHO-(HIEPHEIX YCTPOHCTB B
LUMPOKOM JHana3oHe YacTOT Ha X OCHOBE.

BHepenne pe3yALTaToB HccaeaoBanHs. Ha OCHOBaHWH Pe3ysLTaToB
OONyYeHHBIX MO METOZAM W MoAenaM nossuueHus 3QeKTHBHOCTH aHTEHHO-
¢dbHIepHEIX yCTpOCTB Ha OCHOBE METAMATEPHANTOB:

MAaTeMaTHYeCKasa MOJellh MeTaMaTepUana ¢ pacnpeneieHHbiM) NapaMeTpaMu
yNy9maomas TNapaMeTpsl W XapaKTepHCTAKH aRTEHHO-GHACPHBIX YCTpoiicTs M
ofpasupl MeTamaTepHana C pPacOpeAeneHHbLIMM [apaMeTpaMH Ha  OCHOBE
9/IEMEHTOB JIMHAW CBA3H, BHEAPEHLI Ha TNpeANpHATHAX MuHHCTepcTBa MO
Pa3BUTHIO MHGOPMALMOHHLIX TEXHONOrHH M KOMMYHHKAUMH, B 4acTHOCTH, B
CamapkaH/ICKOM PErHOHATLHOM Y3nie “Y3mo6aitn” ¢umana AK “V36exrenexom”
(CnpaBka MnuuucrepcTBa 0o passuTui0 MHGOPMALMOHHBIX TEXHOJOrHiA M
koMmyRAKaui Ne 33-8/4096 ot 17 wona 2020 roama). B pesynerarte HaydHBIX
McCHenoBaHuil MOXHO NoBuicHTh dddekTrBnocTL aHTEHHO-(hHUAEPHLIX YCTPOACTB
6a30BEIX CTamiMit cucTeM MOGWILHONW cBsian, paboTalomyx Ha wacToTax |,7-2,1
I'Tu, mo 20-25%;

METOl MOWCKA MeTaMaTepHaloB C pacnpeAe/icHHLIMH  MapaMeTpamy,
paboralolux B paaMo M ONTHYECKOM [MaNa3oHax 4acTOT, METOH MOBblUEHHA
3} dekTHBROCTH aHTeRHO-QHICPHBIX YCTPOHCTB ¢ NMOMOINLI0 METaMaTepHaNoB C
pacnpenencHHbLIMH NapaMeTpaMH BHEAPEHB! HA NPEANPHATHAX Munucrepcrsa no
pasBuTHIO WHPOPMAUMOHHEIX TEXHONOTHHR H KOMMYHHKalUW, B JacTHOCTH, B
Lleutpe ofcmyxupanua ropona Camapkas OO0 “UMS” (Copaska
MHHHCTEPCTBA N0 Pa3BATHIO HHOPMALMOHHEIX TEXHONOTAN W KOMMyHHUKanHH Ne
33-8/4096 ot 17 wions 2020 ropa). B pe3ynsTare HayuHbIX HCCIEAOBAHUHA MOMKHO
MOBEICHTL 3())EKTHBHOCTL AHTEHHO-(GHAECPHBIX YCTpo#cTB 6a30BEIX CTaHUWH
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cncteM MoGHIBHOMN cBA3H, paboTaromux Ha gacroTax 1,7-2,1 I'Tn, no 25%;

METOA MNOBRINEHHA 3(QeKTHBHOCTH aHTeHHO-PMACPHEIX YCTPOHCTB C
NOMOLUBI0 METAMATEPHANIOB C pacOopefefeHHBIMH NAPAMETPAMH, METON MOUCKA
MeTamMaTepraioB C pacilpefeNcHHEIMA NapaMeTpamH, paboTalomMX B paawo H
ONTHYECKOM AWAna3oHaX 4acToT BHEAPEHE! Ha MpeAnpHATAIX MAHACTepCcTBa no
pa3BHTHIO WHOOPMALIHKOHHLIX TEXHOMOrMHA W KOMMYHWKalW#, B YacTHOCTH, B
UIT“Dildora-F” non Toprosoii mapkoii “Turon telecom” (CnpaBka Munucrepcrsa
N0 Pa3BHUTHIO MHGOPMALHOHHEIX TeXHONOrHH H KoMMyHuKkaimii Ne 33-8/4096 ot
17 wona 2020 roaa). B pesynmbTate HayyHEIX HCCIIEOBAHHWA MOXHO MOBLICHTE
3¢pexTHBHOCTE aHTEHHBIX YcTpokcTe MMDS nepenatawka GT-5527100D,
pabotatomux B AnanasoHe uyacror 2,3-2,5 ITu, HcOonb3yeMbiX npu
MpeNoCcTaBIEHHH YCITyT TeJIEBUACHHA ¥ paquoBemaHus, Ha 15-20%.

Anpobanusa pe3yAbTAaTOB McCleaoBaHHA. Pe3ynsTaTel HCCnenoBaHHi
ofcyxpanuck Ha 6 MEXIYHapoAMEIX H 3  pecnyONHKaHCKHX HaydHBIX
KOH(IEpEHIHIX H CEMUHapax.

My6naxamms pesyabTaToB HccaegoBamms. [lo TeMe awcceprauvm
onybnnkopans! 18 Hayuubix pabor, 7 KypHanbHbiX CTaTell, B TOM uHucne 5 B
3apy0OexxHeIX, 2 B pecHyOGIMKaHCKHMX JXypHanaX, pekoMeHOoBaHHEIX BAK mma

* my61MKaUNKN OCHOBHBIX HAYYHBLIX PE3yJILTATOB AOKTOPCKOM AUCCEPTAUMH, A TAKOKE
noJTy4eHo | CBHACTENTECTBO O PErHCTPALMH NMPOrpaMMHBIX MPOAYKTOB a1 IBM.

Crpyxrypa H oObem paGorsi. [ucceprauma copepxur 106 crpanmy u
COCTOMT W3 BBEACHWA, YETHIPEX IJIaB, 3aKMOYCHWA, CIACKA HCMONb3OBAHHOMN
JIHTEPATypPbl 1 OPUWIOKEHUIA.

OCHOBHOE COJAEPXAHHUE NUCCEPTAIIUH

Bo BBeaenmH 0GOCHOBaHa aKTyalbHOCT M BOCTPEGOBAHHOCTH TEMBI
IMccepTaliuK, ChopMySTHPOBAHE! UENb W 3a1a9H, BLIARICHB! O0BEKT W Mpeamer
HCCNENOBaNHA, ONpPEAENEHO0 COOTBETCTBUE MCCAEIOBAHMA MPHOPUTETHLIM
HanpaB/ICHWAM pa3BHTHS HAayKH W TexHonorHi Pecny6nwkn Vibekucran,
H3NIOKEHBl HayuHas HOBHM3HA M NPAaKTHYECKHE Pe3yNbTaThl KCCNENOBAHMA,
ofocHoBaHa OCTOBEPHOCTE TONYRXEHHEIX PE3YNLTATOB, PACKPHITEI TEOPETHYCCKAN
M OPAKTHYECKAA 3HAYNMOCTb NOMYUYEHHBIX PE3YJLTATOB, NPHBEACHO BHEAPEHHE B
NPaKTHKY Pe3y/IETaTOR MCCNIEIOBAHNS, CBEACHHSA 10 ONy6/IMKOBaHHEIM paboTaM W
CTPYKType AUCCEPTALIMH.

Tlepsas raBa AWccepTaumy noa HazBanHeM «ToHKHe IUIEHKH B
MArHHTOONTHYECKHX NpHGopax H ycTpolicrBax. MeTamaTepmanbl — Kkak
HOBBIC HCKYCCTBeHHBIE MaTepHANBLI IS AHTEHHOH TeXHMKHM» NOCBSNICHA
HCCNENOBAHMI0  (U3MHECKMX  CBOHCTB M NPOLECCOB  COBPEMCHHMBIX
TOHKOIUICHOYHEIX, KOMMO3HUHOHHLIX H MarHWTOONTHYECKWX MAaTepHAlOB W
METaMaTepHaios, KOTOphie BOCTpeOOBaHEl B JJIEKTPOHUKE, PaAHMOTEXHHKE M B
Apyrux orpacnsx. B TelekoMMyHHKalHOHHON oTpacnW Gonemmoe BHWMaRWe
YACNAIOTCSA HOBHLIM MCKYCCTBEHHbLIM MaTepHanaM, KOTOphie MPUHMATO HA3LIBATL
MeTaMaTepHaaMH, 3TH MaTepuans! obnagator YHHRAIMLHEIMA
IAEKTPOPH3INYECKUMH H SNEKTPOAHHAMHYECKAMH CBOWCTBAMM, KOTOPhIE MOXHO
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NPAMCHAUTE B aHTEHHOMN TEXHHKeE.

INomuepxuBaeTcs NEPCHEKTHBHOCTE HCMOJB30BaHMA  TOHKOIUIEHOUHEIX,
KOMMO3HUMOHHLIX, MarHUTOONTHYECKHX MATepUaloB M MeTaMarepuanoB B
PamMoTeXHWUECKAX Npubopax M yCTpolicTBaX. AHAH3 JINTEpPaTypHLIX OAHHBIX
Tiokasall, 49TO KmOYeBoit mpobaemoil OOLITHEIX aHTEHH ARNAETCA WX
MHWHWATIOpA3alHs, H TNoBLIIeHWe 3(QeKTHBHOCTA paGoTel, mpH pa3paboTke
aHTeHHO-GHACPHBIX YCTPOMCTB Hy’HO MCHONL30BATh PaxluHble MATepHALL
KOTOpHIE CHOCOGCTBYIOT ONTHMAIBGHOMY PACIIPOCTPAHEHHIO 3JICKTPOMArHMTHBIX
BolH. HeroTopeie orpaHWuecHAs BLI3BIBACT TPYAHOCTHNPH MHHHATIOpM3AlHH
aHTEHH W aHTEHHEIX PEIIETOK B AHaNa3zoHe BRICOKHX dacToT (BY, 30-300 MI'm)
yasTpasnicoxux uactor (YBY, 0,3-3 [Tw). Takum o06pasom, uccnenosanua HOBbIX
KOHUEIIMH H MeXaHH3MOB CO3NAHUA MMHHATIOPHBIX aHTEHH, pa3paboTka METOAOB
A moznenedi nossumenus >PPEKTMBHOCTH, CYWECTBYIOMUX AHTEHH ABAACTCA
TIEpCIICKTHBHBIM HanpaBJicHHEM.

B Xome wccnefoBaHWs OTACNLHOE BHAMAHWE YHCNSETCA MOBBIICHAIO
spdexTHBHOCTH  paGoTHl  aHTEHHO-QHICPHBIX  YCTpoiicTE Ha  OCHOBC
MeTaMarepuanos.B 3Toii rnase ¢ NoMoWBI0 ypaBHeHHA Makcsenna 06bACHAIOTCA
ciemdUaeckue  cBoiicTBa  Meramarepnanos.  OcoOcHHocTs  CBOHCTB
METAMATEpPUaNiOB  3aK/0YaeTcd B TOM, YTO  3HayeHuWs  MapameTpoB
JMDNIEKTPAYECKOM M MarAATHOH  NPOHWLAEMOCTH  pPaBHEI Hymo HIH
OTpHUATENbHBY, YTO He Halmopaerca B NpHPOAHBLIX MaTepuanax. Kpome 3T0oro, C
momonqsio cxemsl JL.U. MamaensinTamMa OOBACHAETCA TOPAHNOK OTPAKEHHA H
NOrNOIEHHA 3NIEKTPOMATHUTHLIX BOJIH, MNajalOWMX HA rpaHHLy MEXAY
MeTaMaTepranom u Apyrol cpenoi.

Ipoasanu3npoBanbl MEKTPOONTHSECKME H MATHUTOONTHYECKHE IPPEKTEL C
UENBI0 M3YYeHHA OCHOB NMpPOCKTHPOBaHMA YCTPOWCTB TeJIeKOMMYHWKALOHHBIX
TEXHONOTHHi M CHCTEM CBA3H, B YacTHOCTH noApobHO paccmaTpuBaeTca
NponONLHEIN M monepeursiii 3¢dekt dapanes ¥ PoxTa npH 3xBaTOpHATEHOM
HamarHHuuBaHuH. PaccMoTpeHo3Hayenue sxsatopHanbHoro a¢idexra Keppa B
HAHOKOMITO3HTAX METa/UT-AWINIEKTpAK. KpoMme 3Toro B 31o# rnase o6CyxaaeTcs
HOBOE HAOpABNEHHE B  HAHOMNEKTPOHMKE, HA3bIBAEMOE MHTErpalbHOMH
HaHOONTHKOM, Ha €ro OCHOBE PacCMOTPEHEI COBPEMEHHEIE TEXHONOTHH, KOTOPBIC
HCOONL3YIOTCA B HAHOTEXHONIOTHAX M aHTEHHO-(PUAEPHLIX YCTpOiicTBaX.

PaccMmoTpensl Hambosniee 3HauMMBIE W HOBBIC paboTel Mo NPHMEHEHHIO
METAaMTAEpHANoB B PafMOCBA3H, B YaCTHOCTM IJI1 MHHMATIOpH3auuy pasMEpoB
aHTeHH, YCHIEHHE CHTHaNA Gmakrero NeHCTRAA JUTS YNPABCHHs HX AHarpaMMoH
HANpPaBlEeHHOCTH.

Bo BTOpoit rnaBe AWccepTallMH oA  Ha3saHMeM«MogesnpoBaHHAe
IKBaTOpHATLHOTO 3ddexTa Keppa B HAHOKOMNO3HTAX M cnocobsl
yAy'lleHMs CBOMCTB PAJHOTEXHHMECKHX YCTPOiiCTB Ha MX OCHOBE»
CMOZENUPOBaHbl MarHUTOOMTHYECKHE CICKTPb HBHOKOMIIOEIHTOB(COFCZr)-AleB
B HHPaKPacHOM ¥ ONITHIECKOM ZIHaNla30He, PaCCMOTPEHE! TEOPETHIECKHE OCHOBEI
CO30aHMA METAMATEPUANIOB M3 JAHHOTO THMA HAHOKOMIO3MTOB W METOMb
yTy9IeHHs CBOWCTB PAIHOTCXHHYCCKHX YCTPOHCTB Ha X OCHOBE.
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B o70if rnmase CMONGNMPOBARNEI  MAarHATHO-ONTHYCCKAC  CTCKTPLI
HaHokoMTIo3uTOB (CoFeZr)~(Al203)i00x B BHAMMOM H OmmiieM HH(pakpacHOM
AManasoHe, a 3aTeM MOMyYeHHsle Pe3yNbTaThl CPaBHEHb] C IKCOEPHMEHTANILHBIMH.

B pabore npeanaraerca Teopus 3ddexTABHON Cpeasl, rae MeTaUTHIeCKas
9acTWoa W Matprua 3amensercs 3¢dekTaBroi cpenoi ¢ mMBNERTpAYECKOH
NPOHKWLAEMOCTRIO £y, KOTOpas XapaKTepH3yeT cpely B uesom. B nameif pabore
MCMONL30BANOCH CUMMETpu3oBanHoe npubnwxenne Makcsenn-Tapuerra (CMIN)
JUIA pacdera KOMIIOHEHTE TeH30pa AU3NCKTPHYECKOH MPOHHIIZEMOCTH Ui ABYX
ThNoB wacTHU (CoFeZr- MarHWTHad COCTOBNAIOHIad FaHokommosnTa, ALO —
AHONIEKTPHYIEcKas COCTaBNAIOWIAA HAHOKOMIIO3ATA).

Mopnenbibie cnexTpsi 3xkBaTopuansHoro 3ddexra Keppa npu konuesTpanuax
MarHMTHO} COCTaBNfOmEN HIxKE NOpOra NEPKOJIIHH MOoKa3aHs! HA pucyHke 1. B
XOfie pacyeTOB BapbLHPOBAIMCH 3HAUEHHA CENYIOIMX NaPaMETPOB: KOHLEHTPauua
MarHuTHo# coctasnstomeii X, ¢opm-tpakropa Lo w Ls, pasmepa gactun ro #
koaddrumenTa Ry/Rpuik.

23K, 10?

20 25 30
E, sB .
Prc. 1.CnekTpancHbie 3aBHCAMOCTH SKBaTopHansRoro 3dekra Keppa

HeoToxoKeHHOro HaHokoMmno3uTa (CoFeZr)x(Al203)q - x) ¢ 13% maruuTHOI
cocrasasromeit.

Ha nannom rpadyike npencrasieHb! pe3yNbTaThl 3KCIEPUMEHTOB — CIUIOMHAA
JTHHHSA ¥ MOZICNTEHBIE CMEKTPEI CO CIEAYIOMWMH NTapaMeTpaMH: YHKTHPHAas JIVHHAS
(X=13%, La=0,42, L5 = 0,8, o = 1,5 M, Re/Reux = 2-10%); rpux-mynxrap (X =
13%, La = 0,38, Ls=0.8, ro = 1,5 am, Rs/Rbulk = 2-105); — Toukn (X = 13%, La =
0,42, L5 = 0,8, r0 = 1,5 um, Re/Rouix = 2,3 10°).

Ha puc.2 npencrasnensl MOAENBHBIE CEKTPRI 3KBAaTOPHANBHOTO 3ddexTa
Keppa npu 6onbunx KOHUEHTPAUMAX MACHHTHOM KOMMNOHEHTH — BhlME MOpOra
NICPKOJIALINH.
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PHc. 2.Cnexrpanbibie 3aBHCHMOCTH 3KBaTOpuansnoro sdexra Keppa
oToRcKeRHOTO HaHOKoMMo3HTa (CoFeZr)(Al:O3)q -xc 72 % marauTHO!
cocTaBNAoWeH.

Ha nannom rpadwike npesicTaBIeHE! pe3yibTaThl 3KCHEPHMEHTOB — CIUTOLIHAA
JIHHMA M MOJENbHEIC CNEKTPEl CO CNEeAyIOIHMMH mapameTpaMu (puc. 2.3.) -
NyHKTApHAS JTHHAA (X = 72%, L4= 0,795, Ls= 0,575, 10 = 1,7 oM, R/Ru =9 - 10%);
IWTPHX-TIYHKTHp (X = 72%, L4 = 0,795, L = 0,578, 10 = 1,6 uM, R/Rpun = 9 - 10%);
3KCIIEPAMEHT — CINIOITHAs JIHANA (72%).

Ilpn GONMBMIHX KOHUEHTPAWMAX MATHUTHOH KOMIIOHEHTH! B HaHOKOMIIO3HUTE
pasMepnl KNacTepoB YBEJIMUHMBAIOTCA, YTO OOBACHAET yBE/JMYEHHE 3HAYCHHA To.
Buaso, yro yder momsoro pasmepsoro 3ddexra mosBonsgeT XOpOILO OMHCATh
IKCEpAMEHTANBALIE aHHEIE.

OkearopHanbueiii  addexr Keppa, mnozsonser, He paspymias CTpYKTYpY
HAaAOKOMITO3WTOB, W3y4aTh WX CBOHCTBA B MMWPOKOM AWara3oHe criekTpa. JToT
METOJ H3MEpEeHHs NapaMeTPoB HAHOKOMIIO3HTOB MOXET HalfTH INMpOKoe
TIpAMEHEHHE TIPH MPON3BOACTBE JJTEMEHTOB HAHOINCKTPOHHKH W HaHOAHTEHHEL.

B 3T0¥ rnaBe TeopeTWueckH 06OCHOBaHa BO3MOXKHOCTH CO3/aHAA
METaMaTepHajloR Ha OCHOBE HAHOKOMMO3WTOB W oONpenencHo, uTo TIpH
cobmoneHNH onpefeseHHEIX YCJIOBUH 3HaUCHHE TNIAPAMETPA ECoFeZrmod() MOXET
6b1Th OTpHuUaTENLHBIM. TO ecTs Mccnemyembic 06pasupl HAHOKOMMO3UTOB MOTYT
obnagats cBOCTBAMH METaMaTepHaoB.

Kpowme Toro, Ob11 TposeicH aHATH3 JINTEPATYPLI TO METOJIAM H TEXHOMOTHAM
HCTIONL30BAHHS HAHOKOMITO3WTOR TPH CO3/IaHWH YCTpOi#CTB pamroTexHukH. Ha
OCHOBE aHanu3a ObUI0 YCTAHORIIEHO, YTO HAHOKOMIO3UTH! M03BONAIOT YMEHbIIATS
rabapuTel M [OBBICHTL  OPOM3BONMTENLHOCTh  Pa3lfIHUHLIX  YCTpOHCTB
PamHOTEXAWKH, B YaCTHOCTH aHTCHHO-(MAEPHEIX YCTPOHCTB.

B TpeTseit rase noA HaseaHHeM «MeTamaTepHanL! B AaHTeHHO-GHACPABIX
ycTpoitcTBax, NpHMeHsieMBble B PaJROCBS3M M paaapHoli TeXHOJOIHI»
paspaboTana TeopeTHuecKas M INpaKTHUECKad OCHOBAa MeTaMaTepHana c
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pPacnipeACNEHHLIMA  MapaMeTpaMH  COCTOAMAA M3 JJIEMEHTOB JIHHAH CBS3H.
Pazpa6oTaHa BepOATHOCTHOA M MaTEMaTHYECKast MOZEIb, TAIOKE CO3AaHkl 00pasLEl
METaMaTepuanoB M3 3NEeMEHTOB /MHMH CBA3M HA OCHOBE pPaCCUMTAHHLIX
napameTpoB. Paspaforan MeTon TNpHMEREHHA JaHHBIX MCTaMaTcpHanos Ha
aHTEHHO-(hUNEPHEIX YCTpoicTBaxX W onpefieNicHa ero 3ddexTABHOCTS.

O6obmena MeToOmONOTAA CO3JaHMA MeETamaTepHasoB H paspaborana
METOI0/IOrUA CO3NaHHA METAMaTepuanoB C pacnpeReneHHbIMH napamerpamu. C
y4yeTroM YCNoBMil CO3ZAAHHA METAMATEPUANOB pEHIEHO YpaBHEHHE AHCKPETHOH
JINHHH TIepeiavH.

CTpyKTypa, >KBHBAJICHTHad CXeMa M OCHOBHBIC JJIEMEHTH MeTaMarepHaia
niokasaHe! Ha puc. 3. CTpyKTypa MeTamaTepHana COCTOMT U3 HECKONBKHX CHOEE,

Ha puc. 3.B NpeAcTaBied BUA OAHOrO CJO01.

1- MeTamHUECKRit CTEPIREHD, 2~ IHINEKTPHICCKAN HaNONTHHTEND, 3-
OAHONPOBOAHOI KAHANA CBA3N
Puc.3. CTpyxrypa MeTamMaTepHana, 31eMenAThI saeiiikh MeTacTPYKTypsI
(a), 2nemeHTapHad Aveiika MeTacTpyKTYpH (6), IpREENHAIMAJLHEASA CXeMa
MeTaMaTepuaia (B), JKBHBAJICHTHasf cXeMa MeTaMaTepHana (r).

Co3paHHe MeTamaTepHana OTHOCHTCA K HENHWHEHHBIM JAHHAMHUZECKHM
ABACHNAM TIOCKOJIKY «CpEIa» MeTamaTephana o6nafacT AWHCNEPCHOHHLIMH
csoicteamu  (e(@), p(w)). Ilpn o>TOoM, uem Bbume uacToTa O06NMYueHMA
MeTamarepHana TeMb Jierde oH coszaerc. Jlpyro#t oTanunTensHo# 0cOOEHHOCTRIO
MeTaMaTepHana ABMAETCA TO, YTO OH BCTPEYAETCA TOMBKO B OTKPLITOH CHCTEME,
T.e. BCE INEMEHTHI METaMaTepHana JO/MKHE! OBITE COCMHEHB APYT C APYTOM B
OAHY cuCTeMy, 4TOOb1 GbL1a CBA3L MEXKIY BXOROM H BLIXOAOM CHCTEMbI (pHC. 3.r).

Cosnana wmatemaTiueckad MOZCNs  METaMaTepHana COCTOSIIETO W3
3NEMEHTOB JIMHMM CBA3H. B MeramaTepuane 3eKTpPOMArMMTHas BOJIHA
pacnpocTpanserca Ge3z 3aryxammda. [luonexTpudeckas NpPOHHD2eMOCTs  &(w)
METacpedsl pacCMaTpHBAeTC KAk AMINEKTPHYECKas HPOHHLAEMOCTh HEKON
addexTHBHON Cpembl £.().
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rRe — 4acToTa 3ajaBacMad FeHepaTopoM, p — XapaKTepHas 4acToTa
MeTamaTepHana, Z(®») — MoAHoe COTpaTHRIICHAE MeTaMaTepHana.

B HameM ciiydae NOJIHOE CONPOTHB/IEHHE MeTaMarepuana Z(w) 3aMeHACThCA
ToNHEIM 3¢ heKTHBHEIM ROMTIIIEKCHEIM CONPOTHBIEHHEM MeTaMaTtepnana. ITosHoe
addexTvBHOE KOMIVIEKCHOE CONMpPOTHBIIEHHE MeTamaTtepHana (PHc. 3.B) mo ocam
XYZ paBeH CleAyeleMy:

2(0)=|z3 (@)|=E7 @)} + @7 @)} + @7 @) =6.1Z, )

JAudnexTpuyeckasa NPOHHUAEMOCTb EM7M B MArHMTHAA NPOHHUNACMOCTb UMTM
MeTamaTepralTa BEMHACHSIOTCS Mo ciieXyompM ¢opmynam

@)= .
\/Iﬂa (“’1 : 3)

e @)=[e , @14 @)

Jins of[HOTO YacTHOTO CITyuYad pemaeM CHCTEMy HEeTHHEHHEIX ypasHerHH (3).
Ilo dopmynam (1) n (2) naiinenst 3navenun |eg(w)|=9,16 u no dopmyne (3)
BLIYEC/TIHET 3HAUCHWS LATm VI EMTMKOTOPBIC PaBHBI CITCAYTOIIHM

Hyne (@)=-0.67
{sm,,(a))=—6.l )

Ha ocHoBe pa3palOTaHROM MaTeMaTHuecKol MoJelH OBUTH BEITIONHEHE!
pacdeTl U4 pa3HBIX 4acTOT, pe3y/bTaThl KOTOPLIX MNpeAcTaBleHb! B Buie
rpaHKoB 3aBHCAMOCTEH MarHWTHON W AWINIEKTPHYECKOH TMpPOHHIIAEMOCTH OT
9acToThl Ha pHCYHe 4.
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Puc.4. I'paduxn 3apucamocreii MarnuTHoi (a) B Amaexrpuaeckoii (6)
NPORALIAEMOCTH OT YACTOTHI IS IKBABAJICHTHON cXeMEI MeTaMaTepHasa.
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U3 atoro pucyRKa BHHO, UTO NapaMeTpsl MarHWTHOH M HINIEKTpATECKOH
NPOHHLIZEMOCTH MMEIOT OTpMUaTensHoe 3HaueHHe (p<0, £<0), 310 o3mMauaer
BO3ZMOXKHMOCTL CO3AHMA METAMATEpUAla Ha OCHOBE BEPOATHOCTHOH Mojenn 8
HCCJIE[yeMOM JacTOTROM CREKTpE.

Pa3paGoTka MeTamarephana B BWAC JJICMEHTOB C PacnpcACNCHHEIMA
napamerpaMn (pHc.3) sBnseTcs Goflee YHMBEPCATLHBIM CrocoGoM NOHCKa M
co3nauma Meramarepnanos. Yrobb meTamarepnan Npossuil CBOM CBOHCTBA, €ro
HYXHO OO/yYdT: 3/eKTPOMArHMTHOH BOJHOH B O/EDKHeH 30He, HO Mepe
NPOXOXIECHNS dYepe3 MeTamarepuan NapaMeTph! W CBOACTBA 3MIEKTPOMArHHUTHOH
BOJTHEBI H3MEHSAIOTCS.

ITocne TOro, Kak TeopeTHveckH AOKA3aHO, YTO H3yyacMad BEPOATHOCTHAA
Mogens 3 dexTusHa, GLUTH CO3AAHE! 00pa3ibl METAMATEPHANIOB PA3HEIX Pa3sMEpoB
M3 3IEMEHTOR JTMHAH CBSA3W C pacnpee/ICHHEIMA TlapaMeTpamMu (prc. 5-6).

Puc.5. Meramarepuaa ¢ pacipe/ie/IeHRbIMHA napaMeTpaMH (a), TeMeHTapHaS
sciiia meramaTephana BAJ cBepXy 6), diemMenTapaas feiiKa
MeramMaTepHaia BHA c6oky (B).

DlleMeHTH MeTamaTepHana AOMEHb GbITH pacmsnomeuu cam:a:(;'guquo H
MeCTa pa3sphiBOB PacroflaraioTCs MEmIy cobo#t ¢ oGopoToM Ha . Nanee
noouepeaHo cobupaerca B OARH paa 065140 NHHAHU CBA3Y (6e3 MeTa3neMeHTa) n
JTHHUS C MeTasneMenTaMH. MeTamaTepHal BEMOTHEH B TPH CIOA, B KaxJIOM clioe
nopanok nabopa 3/eMEHTOB MEHACTCA ITO ASNACTCA LUl Toro uTobb AOCTHYL
niepeMeHHOCTH (a3sl. Bee JEMCHTE MeTamaTepHana COeJIMHERE! MERy coboif ¢

fIOMOLLBIO KJI€A Ha OCHOBE CHIHKOHA.

Prc.6. Yeennuenusiii B o6beme ofpasenl MeTaMaTepHaiia, COCTOSIN AL H3
3/1eMcHTOB JTHHHM CBA3H ¢ pacNpeResieHHLIM NaPaMETPOM.
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YtobLl  OMpeneNATE  BO3MOXHOCTG TOBBIICHAS  NPOW3BOAWTENLHOCTH
aHTeHHO-(pHIEPHOE YCTpolicTE ¢ mnomomelo paspaboTanHoro o6pasua
meramarepuana, cobpaHa aIkcnepuMmeHTanbHas YCTAHOBKAa cocToslas U3
CNICIYIOMMX 3MIEMEHTOB: reHepatop curHamoB Rohde & Schwarz SM 300
paboratomm#i B nwamasone uactor oT 3 kI'y mo 3 I'T'u; mepeparoias aHTEHHO-
¢duneproe ycTpoiicTso, paboraromee B quanasoHe 9acToT oT 450 MI'n mo 8 I';
[pUeMHAd AHTEHHA C TEMH K€ NapaMETPaMM, YTO M [epeNalolan; NOPTTUBHBLIA
OPHEMHHMK H u3MepuTenbHbli npubop Rohde & SchwarzPR100, paSorarommii B
JmamasoRe 9actoT ot 9 k' mo 7,5 T'T (puc. 7). B 3ToM ciygae meTamarepHan
YCTaHABJIHBACTCA B HENOCPEACTBEHHOI GIM30CTH OT Nepealoileli aHTEHHEL.

Angenzs

Pruc.7. YcranoBka, co6pannas g m3ydenns 3¢ ¢eKTHBHOCTH
MeTaMaTepHa/la OTHOCHTEJILHO aHTeHHO-QH/IEPHLIX ycTpoitcTs.

Tlomyuens) rpadiMkn 3aBHCHMOCTE MapaMeTpa HANPSKEHHOCTH MNOJA OT
9acTOTHIOPH NIPHUCYTCTBHH H OTCYTCTBMH B CpPele MeTaMmaTepHana B OUanasoHe
BOJIH nepeaaTarka ot 0,6 Ao 2,4 I'Ty (Pruc.8-11).

PesynsTarsl u3mepenniino nepsoMy oOpasuy Meramarepuana (puc. 5)
[0Ka3aHH Ha PUCYHKaX 8-9, ¢ marom m3mepenns 100 MI'y (pucynok 8) u 20 MI'y,

(pucynox 9).

6Goa MeTamaTepuana
I == -C MeTaMaTepHancM
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Prc.8. I'padnx Mexay JacToToll ¥ HANPLKEHHOCTHIO N0/A: CIUIOMHAA JHANA
— cpena ¢ MeTaMaTepHAJIOM, NYHKTHPHA" JJHAHUA — cpela 6es MeTaMaTepHana.
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BuaHO, 9TO NpH HaTWYHW MeTamaTeprana B AHanasoHax wactot 0,6 ~ 1,2
ITn 1 1,7 + 24 ITu napamerp HanpHXEHHHOCTH [MOJIA YCHJIMBAaeTCH,
MaKcumansHoe ycunenue nabmopaerca 8 ananasose uyacror 2,2 + 24 ITu. B
9TOM 9YacTOTHOM AWanasoHe M3MepeHHs OEUTH NMpOM3BEACHLI MOBTOPHO, W OLUTH
MOy YEHET CEYIOIINE PE3yTETaThl, NoKa3aHHIe Ha Puc.9.
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Puc.9. 'paduk Mexxay 4acroToil H HANPAKEHHOCTHIO HOJIH: CIUIOIMHAS JHEHE
— cpeaa ¢ MeTaMATePHAIOM, MYHKTHPHAA JHHHA —~ cpea 6e3 MeTamarepuaa.

IMocne NpoXoXXAeHHs uepe3 MeTaMarepuail, NapaMeTp HANPDKEHHHOCTH MO
SNEKTPOMarANTHOH BONHE! TNepeNaBacMol aATEHRO-QHICPHEIM  YCTpOHCTBOM,
ycunuBaerca B cpenHeM Ha 4 aBmB/M (menmben MMKpOBONET Ha MeTp) M
AOCTHraeT MaKCHMANbLHOro 3uayenusa 7 ABMB/m Ha uacrore 2,24 ITu. To ecms
Ha0mopaercs yjaydlleHHe NapaMeTpa 3JIEKTPOMarHHMTHOK BONHEL, NepenaBacMod
aHTeHHO-(MICPHEIM YCTPOHCTBOM B IIMPOKOM AHaNa3oKe JacToT.

Ina Toro wroGn u3yunTs pasMmepHili 3ddexr 3MeHeHm pasmepri
MeTaMaTephana no ocaM X, y H z. Tlepserit o6pasen MeTamatepnana (puc.8) nmeer
pasmepsl (X,y,z)=(85;55,5;18) pasmepr! nanel B MuumMeTpaX. Bropoii ofpasen
MeTamatepHana (pHC.9) HmeeT cnenywommue pasmepst (x.y'.z)= (135; 85; 20),
COOTHOIIEHHE MEkKAY HAMHW PaBCH CleAylomeMy

I’yl’zl _ )
Sz =(,59,135;11).

B xome 3KCOEPHMEHTOB H3ydaeTCA HaCTOTHaA 3aBHCUMOCT: [apaMeTpa
HaNpsXEHHOCTH TIONA JNICKTPOMarHWTHON BONHEI, MepefiaBaeMolt OT aHTEHHOTO
ycTpoiictea, B cpene ¢ u 6e3 Meramarepunana sroporo oGpasua (puc. 6).
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Prc.10. T'padak Mexkay 9acToTol B HANIPSAKEAAOCTHIO NTOJIA MeTaMaTepHala
H3 ABYX CJI0€B: CIUTIONIHAA JHHHAA — CPeAa ¢ METAMATEPHAJIOM, MYHKTHPpHAasA
JIHHHSA — cpeaa 6e3 MeTaMaTepHana.

B ABYX- H TpeXClofiHbIX MeTaMaTepHalaX BToporo opasna MaxCHManbHoe
yBeJITMUEHAE RaNpshkeAROCTH Nofis Habmonanoce B fnanasore oT 2 0 2,25 I'Ty, ¢
yBesimieHHeM Ha 15 aABMB/M na uactote 2,1 I'Tu.

Ha ocHoBe cpaeneHmii BUAHO, YTO npu nepsoM o0pasle Mmeramarepuana
MaKCHMaNEHOe YCHiieHHe Habmoaanock Ha wactote 2,24 I'Tu (pucyrok 9), a npa
BTOpoM ofpasile MakcHMallbHoe ycHNeHWe Habmomanock Ha uactote 2,1 TTu
(pucyrok 11). 310 MOXHO OOBACHWTL CBOHCTBAMM CaMOro MeTaMarephnana,
yBeNHYeHHEe pa3Mepa METaMarepuala NPUBOAMT K YMEHBIIEHHIO 4aCTOT NpHU
KOTOpHIX 0H 3(iheKTHBEH.
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Puc.11. Fpadux Mexay 9acroroll H HANPKEHHOCTELIO NOJIA METAMATEPHATIA
M3 TPeX ¢JI0eB: CTUI0IHAY JJHHAS — CPeia ¢ MeTaMATEePHAJIOM, MyHKTHPHAs!
JIHHHR — cpeaa 6e3 MeTamMaTepHana.

IpoH3BOAMTENLHOCTh AHTEHHO-(DHAEPHBIX YCTPOACTE yBeJIMUeHa Ha OCHOBE
MeTamaTeprana niepsoro ofpasma Ha 10%, Ha OCHOBe MeTaMaTepHana BTOpOTO
obpasua Ha 30%.

36



B uermeproii rnase nwWccepTaumu mojA HasBaRMeM «Criocof nomcka
MeTaMaTepHana B HWH)pPaKpacHOM H ONTHYECKOM [HAaNa3oHe dacToT™»
HCCTelyeTCA aHANOrHsA HOMCKA METAMAaTEpPHANa B ONTHYECKOM H PaIMO4aCTOTHOM
ImanasoHaXx. JTa aHaNoTHs MMeeT MAOBOJIEHO TiyOokwil (H3HRECKMt CMBICH
3aKMoYaromeecs B TOM, 9TO CBONCTBAa MeTaMaTephana B ONTHYESCKOM AHanasoHe
COrNacyeTcs € €ro CBOHCTBaMH B PaiROYacTOTHOM IHAITa30He.

B 3T0ii rnase npeacraBnenst pe3yNbTAaTHI PacyeTa BONMOBOH CHCTEMbI
nepenavHd aHajoroBoro CHrHajga yii NPOCTHIX MaT€pHANIOB M METAMaTCpPHAJIOB.
Onpenenensl  wncneHHBle 3Ha4YeHHs Kod(gUuWeRTa YCHICHWS Cpelsl ¢
METaMaTepHanoM NpH PasTHIHLIX 3HaYcHHAX dacToTwl (puc. 12). Tlomyuennuie
Pe3yNbTaTLl M0KA3bIBAIOT, YTO HZ OCHOBE METAMATEPHAIOB MOMKHO H3MEHATH
CHIHAJIbI KaK B PafHOAHANA30HeE, TaK U B OIITHYECKOM JHANA30HE.
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Prc.12, 3aBHCHMOCTD K03 dHIHEATA YCHIIERASN OT YaCTOTHI.
TMomo6ras aHanorus NO3BONAET TPEANOKHTH HOBBIA METOHN TMOMCKa
METaMaTepHaloB B HH(OpPAKpacHOM M ONTHYECKOM JHana3oHax. AHAIOrus
OCHOBaHa Ha CPaBHCHHH OTpHUATeNbHONO AWQQepeHIIHANEHOrO NOTNOMEHAS
LEHTPOB OKpaCKH  MOA  TEPMOpajHallHOHHBIM  BO3AEHCTBHEM B
KannesoamomMobopaTHeIX cTeknax ¢ jgobaekamn Fe:0: M paanodacToTHEIM
NOrJIOLEHKEM METaMaTepHana.

3AKTIOUMEHHME

Ha ocHOBe BEIMONHEHHBIX HayTHO-HCCENOBATENBCKAX paboT Mo Teme
AHCCepTaumn pgoktopa ¢unocopun (PhD) “Meroarl H MOZeNH NOBBIIIEHHS
dpdexTBHOCTH  paGoTEI  aWTEHHO-QMNEPHEIX  YCTPOWCTB HA  OCHOBE
MeTaMaTepHanos” MpeAcTaBeHb! CIEAYIOMHE BEBOABL:

1. CMozIenmpoBaHE! CIIEKTPaNbHEIC 3aBHCAMOCTH IKBATOPHANLROTO dddekTa
Keppa nHanokomnosuTa BINe M HiDKe NEPKONALMOHHOTO NpEAENa, HAa OCHOBE
cAMMCTpH3oBaHHOrO Npubminkenns Makceenn-lapHera W Topau 3didekTHBHOH
Cpefibl. J3TOT MarHMTOONTHYECKHMHi METO[ MO3BOMMA He Hapymas CTPYKTYpPY
HaHOKOMITO3WTa H3YTHThL HX CBOCTBA B IIAPOKOM CTICKTpE.
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2. PacueTsl, OCHOBANHEIEC Ha 3KkBaTOpHaNEHOM 3(diekre Keppa, nokassBaroT,
9T0 pagMyC T, HAaHOKOMIIO3MTHEIX MJOMEHHBIX TpaHyn paseH 1,5+1,7am.
OKCIIepHMERTANTLAEIC AaHHEIE Takke YKa3siBaloT Ha MaKCHMannHelf pasmep
rpasy 2+4 oM. Hcxoas U3 oTpHIaTesibHOTO MapaMeTpa £(0) B HAHOKOMITO3UTHBIX
MaTepHajiaX, WX PEeKOMEHIYeTCH WCMO/B30BaTh B KaUeCTBE METaMaTepHaJiOR B
HH(PAKPaCHOM H ONTHYECKOM JHaNa3oHax JacToT.

3. PaspaGoTana BepOATHOCTHasA W MaTeMaTHIecKad MOAENb MeTaMmaTepHana
3JIEeMEHTOB JIHHMM CBA3M C pacnpefe/icHHBIMM Hapamerpamu. Pacuers! mo
MATeMaTHIeCKOH MOJEH, OCHOBAHHEIC Ha pPENICHWH MNONYyYeHHOH CHCTEME!
ypaBHEHMH, NO3BOJH/MM BEIABHTL MATEPHA! C OTPHLATE/NBHRIMH MapaMeTpaMH
MArANTHOM W OWOJIEKTPUYECKON TPOHMIREMOCTHEIO, 3TO  O3HawaeT, d9TO
co3jaBaeMasd  MOACNH  MarTepHalia  JACHCTBHTENIGHO  ABJACTCH  JABAKABS
OTpAUATENLHEIM  MeTamaTepHanoM. Paspaforana mporpaMma paas  pacdera
IapaMeTpoB METaMaTepHaa.

4. AHanH3 COBPEMEHHBIX MNaTY-aHTEHHBIX PCIWICTOK  TIOKasan, WTo
HCHIONE30BAHHE METAMATEPHANOB B  3MEKTPHICCKH MambX aHTEHHaX M
PaOMoNIOKAMOHHEIX  YCTpPOHCTBAX MOXKET TIPHBECTH K 3HAYHTC/IBEHEIM
NpeHMYIReCTBaM, B YaCTHOCTH, K YBEJHYEHHIO MOIIHOCTH TCpEAaBacMoro
CHTHANa 33 CYET YMEHBIIEHANA OOKOBEIX JICTIECTKOB [AVWarpaMMbl HanpaslicCHHOCTH
aHTeHHO-(PHAEPHBIX YCTPOICTB.

5. TIpencTaBneHk KCNICPAMEHTATLHEIE PE3YNbTaThl B YacTOTROM Hana3oHe
reneparopa 0,63 I'Tu no Bri6panHoMy 3KCTiepUMEHTATLHOMY MeTody. B xoze
3KCTIEPHMEHTOB METaMaTepHall He MOAKITIOTANCH K SEKTPHIECKHM LENAM, JTO0R!
IOCTMY MAKCHMAJIBHOFO YCHIEHHMS CHIHana BEIOpaHO ONTHMANBHOE P2CCTOAHHE
MeXy MeTaMaTepuanoM M nepepaioulcii aurensoii. B xone akcnepumeHTos
NapaMeTp HanpsKeHHOCTH Mo 6sin ycunen no 10-15 nbMB/m.

6.B Xolle WCCNENOBaHWH Ha OCHOBE MeTamarepwana nepsoro ofpasua B
gactoTHOM muanazone 2,2+24 TTu no 10 %, Ha ocHoBe BTOpOoro obpasna B
JacTOTHOM fimanasore 2,022 I'Tu po 30 % ynyuieH napaMerp HanpsiKeHHOCTH
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INTRODUCTION (abstract of PhD thesis)

The aim of the research work is to increase the efficiency of antenna-feeder
devices based on physical phenomena and processes observed in nanocomposites
and metamaterials.

The object of the research work is an antenna-feeder device with increased
efficiency based on a nanocomposite and a metamaterial.

The scientific novelty of the research work:

a mathematical model of a metamaterial with distributed parameters, which
improves the parameters and characteristics of antenna-feeder devices was
developed;

samples of metamaterial with distributed parameters based on communication
line elements were obtained;

a method for increasing the efficiency of antenna-feeder devices using
metamaterials with distributed parameters was developed;

a method of searching metamaterials with distributed parameters operating in
radio and optical frequency ranges has been developed.

Tmplementation of research results: on the basis of the scientific results
obtained using methods and models for increasing the efficiency of antenna-feeder
devices based on metamaterials:

a mathematical model of the metamaterial with distributed parameters, which
improves the parameters and characteristics of antenna-feeder devices and samples
of metamaterial with distributed parameters based on communication line
clements, introduced at the subordinate enterprises of the Ministry for
Development of Information Technologies and Communications of the Republic
of Uzbekistan, particularly, in the Samarkand regional junction «Uzmobile» of the
branch of JSC «Uzbektelecom» (certificate No.33-8/4096 as of July 17, 2020 the
Ministry for Development of Information Technologies and Communications of
the Republic of Uzbekistan). As a result of scientific research, it is possible to
increase the efficiency of antenna-feeder devices of base stations of mobile
communication systems operating at frequencies of 1.7-2.1 GHz by 20-25%.;

the method of searching metamaterials with distributed parameters operating
in radio and optical frequency ranges and the method of increasing the efficiency
of antenna-feeder devices using metamaterials with distributed parameters were
introduced at the subordinate enterprises of the Ministry for Development of
Information Technologies and Communications of the Republic of Uzbekistan,
particularly, in the Service Center of Samarkand, LLC «UMS» (certificate No.33-
8/4096 as of July 17, 2020 the Ministry for Development of Information
Technologies and Communications of the Republic of Uzbekistan). As a result of
scientific research, it is possible to increase the efficiency of antenna-feeder
devices of base stations of mobile communication systems operating at frequencies
of 1.7-2.1 GHz up to 25%

the method of increasing the efficiency of antenna-feeder devices using
metamaterials with distributed parameters and the method of searching
metamaterials with distributed parameters operating in the radio and optical
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frequency ranges introduced at the subordinate enterprises of the Ministry for
Development of Information Technologies and Communications of the Republic
of Uzbekistan, particularly, in the PE «Dildora-F» under the trademark «Turon
telecom» (certificate No.33-8/4096 as of July 17, 2020 the Ministry for
Development of Information Technologies and Communications of the Republic
of Uzbekistan). As a result of scientific research, it is possible to increase the
efficiency of MMDS antenna devices of the GT-5527100D transmitter operating in
the 2.3-2.5 GHz frequency range used in the provision of television and radio
broadcasting services by 15-20%.

The outline of the dissertation.The dissertation consists of an Introduction,
four Chapters, Conclusion, Bibliography and Applications. The volume of the
dissertation is 106 pages.
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